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, TARGETED CHROMOSOMAL GENOMIC ALTERATIONS 
WITH MODIFIED SINGLE STRANDED OLIGONUCLEOTIDES 

Field Of The Invention 

The technical field of the invention is oligonucleotide-directed repair or alteration of 
genetic information using novel chemically modified oligonucleotides. Such genetic information is 
preferably from a eukaryotic organism, i.e. a plant animal or fungus. 

Background Of The Invention 

A number of methods have been developed specifically to alter the sequence of an 
isolated DNA in addition to methods to alter directly the genomic information of various plants, fungi and 
animals, including humans ("gene therapy*). The latter methods generally include the use of viral or 
plasmid vectors carrying nucleic acid sequences encoding partial or complete portions of a particular 
protein which is expressed in a cell or tissue to effect the alteration. The expression of the particular 
protein then results in the desired phenotype. For example, retroviral vectors containing a transgenic 
DNA sequence allowing for the production of a normal CFTR protein when administered to defective cells 
are described in U.S. Patent 5,240,846. Others have developed different "gene therapy vectors" which 
include, for example, portions of adenovirus (Ad) or adeno-associated virus (AAV), or other viruses. The 
virus portions used are often long terminal repeat sequences which are added to the ends of a transgene 
of choice along with other necessary control sequences which allow expression of the transgene. See 
U.S. Patents 5,700,470 and 5,139,941. Similar methods have been developed for use in plants. See, for 
example, U.S. Patent 4,459,355 which describes a method for transforming plants with a DNA vector and 
U.S. Patent 5,1 88,642 which describes cloning or expression vectors containing a transgenic DNA 
sequence which when expressed in plants confers resistance to the herbicide glyphosate. The use of 
such transgene vectors in any eukaryotic organism adds one or more exogenous copies of a gene, which 
gene may be foreign to the host in a usually random fashion at one or more integration sites of the 
organism's genome at some frequency. The gene which was originally present in the genome, which 
may be a normal allelic variant mutated, defective, and/or functional, is retained in the genome of the 
host 
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These methods of gene correction are problematic in that complications which can 
compromise the health of the recipient or even lead to death, may result One such problem is that 
insertion of exogenous nucleic acid at random location® in the genome can have deleterious effects. 
Another problem with such systems includes the addition of unnecessary and unwanted genetic material 
to the genome of the recipient including, for example, viral or other vector remnants, control sequences 
required to allow production of the transgene protein, and reporter genes or resistance markers. Such 
remnants and added sequences may have presently unrecognized consequences, for example, involving 
genetic rearrangements of the recipient genomes. Other problems associated with these types of 
traditional gene therapy methods include autoimmune suppression of cells expressing an inserted gene 
due to the presence of foreign antigens. Concerns have also been raised with consumption, especially 
by humans, of plants containing exogenous genetic material. - 

More recently, simpler systems involving poly- or oligo- nucleotides have been described 
for use in the alteration of genomic DNA. These chimeric RNA-DNA oligonucleotides, requiring 
contiguous RNA and DNA bases in a double-stranded molecule folded by complementarity into a double 
hairpin conformation, have been shown to effect single basepair or frameshift alterations, for example, for 
mutation or repair of plant or animal genomes. See, for example, WO 99/07865 and U.S. Patent 
5,565,350. In the chimeric RNA-DNA oligonucleotide, an uninterrupted stretch of DNA bases within the 
molecule is required for sequence alteration of the targeted genome while the obligate RNA residues are 
involved in complex stability. Due to the length, backbone composition, and structural configuration of 
these chimeric RNA-DNA molecules, they are expensive to synthesize and difficult to purify. Moreover, if 
the RNA-containing strand of the chimeric RNA-DNA oligonucleotide is designed so as to direct gene 
conversion, a series of mutagenic reactions resulting in nonspecific base alteration can result Such a 
result compromises the utility of such a molecule in methods designed to alter the genomes of plants and 
animals, including in human gene therapy applications. 

Alternatively, other oligo- or poly- nucleotides have been used which require a triplex 
forming, usually polypurine or polypyrimidine, structural domain which binds to a DNA helical duplex 
through Hoogsteen interactions between the major groove of the DNA duplex and the oligonucleotide. 
Such oligonucleotides may have an additional DNA reactive moiety, such as psoralen, covalently linked 
to the oligonucleotide. These reactive moieties function as effective intercalation agents, stabilize the 
formation of a triplex and can be mutagenic. Such agents may be required in order to stabilize the triplex 
forming domain of the oligonucleotide with the DNA double helix if the Hoogsteen interactions from the 
oligonucleotide/target base composition are insufficient See, e.g., U.S. Patent 5,422,251 . The utility of 



WO 01/73002 



-3- 



PCT/US01/09761 



these oligonucleotides for directing gene conversion is compromised by a high frequency of nonspecific 
base changes. 

In more recent work, the domain for altering a genome is linked or tethered to the triplex 
forming domain of the bi-functional oligonucleotide, adding an additional linking or tethering functional 
domain to the oligonucleotide. See, e.g., Culver et a!., Nature Biotechnology 17: 989-93 (1999). Such 
chimeric or triplex forming molecules have distinct structural requirements for each of the different 
domains of the complete poly- or oligonucleotide in order to effect the desired genomic alteration in either 
episomal or chromosomal targets. 

Other genes, e.g. CFTR, have been targeted by homologous recombination using duplex 
fragments having several hundred basepairs. See, e.g., Kunzelmann et al., GeneTher. 3:859-867 

(1996) . Early experiments to mutagenize an antibiotic resistance indicator gene by homologous 
recombination used an unmodified DNA oligonucleotide with no functional domains other than a region of 
complementary sequence to the target See Campbell et al., New Biologist 1: 223-227 (1989). These 
experiments required large concentrations of the oligonucleotide, exhibited a very low frequency of 
episomal modification of a targeted exogenous plasmid gene not normally found in the cell and have not 
been reproduced. However, as shown in the examples herein, we have observed that an unmodified 
DNA oligonucleotide can convert a base at low frequency which is detectable using the assay systems 
described herein. 

Artificial chromosomes can be useful for the screening purposed identified herein. These 
molecules are man-made linear or circular DNA molecules constructed from essential cis-acting DNA 
sequence elements that are responsible for the proper replication and partitioning of natural 
chromosomes (Murray et al., 1983). The essential elements are: (1) Autonomous Replication Sequences 
(ARS), (2) Centromeres, and (3) Telomeres. 

Yeast artificial chromosomes (YACs) allow large genomic DNA to be modified and used 
for generating transgenic animals [Burke et al., Science 236:806; Peterson et al., Trends Genet 1 3:61 

(1997) ; Choi, et al., Nat Genet, 4:117-223 (1993), Davies, etal., Biotechnology 11:911-914 (1993), 
Matsuura, etal., Hum. Mol. Genet, 5:451-459 (1996), Peterson etal., Proc. Natl. Acad. Sci., 
93:6605-6609 (1996); and Schedl, et al., Cell, 86:71-82 (1996)]. Other vectors also have been developed 
for the cloning of large segments of mammalian DNA, including cosmids, and bacteriophage P1 
[Sternberg et ?■ , Proc. Natl. Acad. Sci. USA, 87:1 03-1 07 (1 990)]. YACs have certain advantages over 
these alternative large capacity cloning vectors [Burke et al„ Science, 236:806-812 (1987)], The 
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maximum insert size is 35-30 kb for cosmids, and 100 kb for bacteriophage P1, both of which are much 
smaller than the maximal insert for a YAC. 

An alternative to YACs are E. coli based cloning systems based on the E coli fertility 
factor that have been developed to construct large genomic DNA insert libraries. They are bacterial 
artificial chromosomes (BACs) and P-1 derived artificial chromosomes (PACs) [Mejia et al., Genome Res. 
7:179-186 (1997); Shizuya et al., Proc. Natl. Acad. Sci. 89:8794-8797 (1992); loannou et al., Nat Genet, 
6:84-89 (1994); Hosoda et al., Nucleic Acids Res. 18:3863 (1990)]. BACs are based on the E. coli fertility 
plasmid (F factor); and PACs are based on the bacteriophage P1 . These vectors propagate at a very low 
copy number (1-2 per cell) enabling genomic inserts up to 300 kb in size to be stably maintained in 
recombination deficient hosts. Furthermore, the PACs and BACs are circular DNA molecules that are 
readily isolated from the host genomic background by classical alkaline lysis [Birnboim et al., Nucleic 
Acids Res. 7:1513-1523 (1979]. 

Oligonucleotides designed for use in the alteration of genetic information are significantly 
different from oligonucleotides designed for antisense approaches. For example, antisense 
oligonucleotides are perfectly complementary to and bind an mRNA strand in order to modify expression 
of a targeted mRNA and are used at high concentration. As a consequence, they are unable to produce a 
gene conversion event by either mutagenesis or repair of a defect in the chromosomal DNA of a host 
genome. Furthermore, the backbone chemical composition used in most oligonucleotides designed for 
use in antisense approaches renders them inactive as substrates for homologous pairing or mismatch 
repair enzymes and the high concentrations of oligonucleotide required for antisense applications can be 
toxic with some types of nucleotide modifications. In addition, antisense oligonucleotides must be 
complementary to the mRNA and therefore, may not be complementary to the other DNA strand or to 
genomic sequences that span the junction between intron sequence and exon sequence. 

A need exists for simple, inexpensive oligonucleotides capable of producing targeted 
alteration of genetic material such as those described herein as well as methods to identify optimal 
oligonucleotides that accurately and efficiently alter target DNA 

Summary Of The Invention 

Novel, modified single-stranded nucleic acid molecules that direct gene alteration in 
plants, fungi and animals are identified ?nd the efficiency of alteration is analyzed both in vitro using a 
cell-free extract assay and in vivo using a yeast cell system. The alteration in an oligonucleotide of the 
invention may comprise an insertion, deletion, substitution, as well as any combination of these. Site 
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specific alteration of DNA is not only useful for studying function of proteins in vivo, but it is also useful for 
creating animal models for human disease, and in gene therapy. As described herein, oligonucleotides of 
the invention target directed specific gene alterations in genomic double-stranded DNA cells. The target 
DNA can be normal, cellular chromosomal DNA, extrachromosomal DNA present in cells in different 
forms including, e.g., mammalian artificial chromosomes (MACs), PACs from P-1 vectors, yeast artificial 
chromosomes (YACs), bacterial artificial chromosomes (BACs), plant artificial chromosomes (PLACs), as 
well as episomal DNA, including episomal DNA from an exogenous source such as a plasmid or 
recombinant vector. Many of these artificial chromosome constructs containing human DNA can be 
obtained from a variety of sources, including, e.g., the* Whitehead Institute, and are described, e.g., in 
Cohen et ai., Nature 336:698-701 (1 993) and Chumakov, et al., Nature 377:1 74-297 (1 995). The target 
DNA may be transcriptionally silent or active. In a preferred embodiment, the target DNA to be altered is 
the non-transcribed strand of a genomic DNA duplex. 

The low efficiency of gene alteration obtained using unmodified DNA oligonucleotides is 
believed to be largely the result of degradation by nucleases present in the reaction mixture or the target 
cell. Although different modifications are known to have different effects on the nuclease resistance of 
oligonucleotides or stability of duplexes formed by such oligonucleotides (see, e.g., Koshkin et al., J.Am. 
Chem. Soc, 1 20:1 3252-3), we have found that it is not possible to predict which of any particular known 
modification would be most useful for any given alteration event, including for the construction of gene 
conversion oligonucleotides, because of the interaction of different as yet unidentified proteins during the. 
gene alteration event. Herein, a variety of nucleic acid analogs have been developed that increase the 
nuclease resistance of oligonucleotides that contain them, including, e.g., nucleotides containing 
phosphorothioate linkages or 2-O-methyl analogs. We recently discovered that single-stranded DNA 
oligonucleotides modified to contain 2'-0-methyl RNA nucleotides or phosphorothioate linkages can 
enable specific alteration of genetic information at a higher level than either unmodified single-stranded 
DNA or a chimeric RNA/DNA molecule. See priority applications incorporated herein in their entirety; see 
also Gamper et al., Nucleic Acids Research 28: 4332-4339 (2000). We also found that additional nucleic 
acid analogs which increase the nuclease resistance of oligonucleotides that contain them, including, e.g., 
"locked nucleic acids" or "LNAs 0 , xylo-LNAs and L-ribo-LNAs; see, for example, Wengel & Nielsen, WO 
99/14226; Wengel, WO 00/56748 and Wengel, WO 00/66604; also allow specific targeted alteration of 
genetic information. 

The assay allows for determining the optimum length of the oligonucleotide, optimum 
sequence of the oligonucleotide, optimum position of the mismatched base or bases, optimum chemical 
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modification or modifications, optimum strand targeted for identifying and selecting the most efficient 
oligonucleotide for a particular gene alteration event by comparing to a control oligonucleotide. Control 
oligonucleotides may include a chimeric RNA-DNA double hairpin oligonucleotide directing the same . 
gene alteration event, an oligonucleotide that matches its target completely, an oligonucleotide in which all 
linkages are phosphorothiolated, an oligonucleotide fully substituted with 2-O-methyl analogs or an RNA 
oligonucleotide. Such control oligonucleotides either fail to direct a targeted alteration or do so at a lower 
efficiency as compared to the oligonucleotides of the invention. The assay further allows for determining 
the optimum position of a gene alteration event within an oligonucleotide, optimum concentration of the 
selected oligonucleotide for maximum alteration efficiency by systematically testing a range of 
concentrations, as well as optimization of either the source of cell extract by testing different organisms or 
strains, or testing cells derived from different organisms or strains, or cell lines. Using a series of 
single-stranded oligonucleotides, comprising all RNA or DNA residues and various mixtures of the two, 
several new structures are identified as viable molecules in nucleotide conversion to director repair a 
genomic mutagenic event When extracts from mammalian, plant and fungal cells are used and are 
analyzed using a genetic readout assay in bacteria, single-stranded oligonucleotides having one of 
several modifications are found to be more active than a control RNA-DNA double hairpin chimera 
structure when evaluated using an in vifro gene repair assay. Similar results are also observed in vivo 
using yeast mammalian, rodent, monkey, human and embryonic cells, including stem cells. Molecules 
containing various lengths of modified bases were found to possess greater activity than unmodified 
single-stranded DNA molecules. 

Detailed Description Of The Invention 

The present invention provides oligonucleotides having chemically modified, nuclease 
resistant residues, preferably at or near the termini of the oligonucleotides, and methods for their 
identification and use in targeted alteration of genetic material, including gene mutation, targeted gene 
repair and gene knockout The oligonucleotides are preferably used for mismatch repair or alteration by 
changing at least one nucleic acid base, or for frameshift repair or alteration by addition or deletion of at 
least one nucleic acid base. The oligonucleotides of the invention direct any such alteration, including 
gene correction, gene repair or gene mutation and can be used, for example, to introduce a 
polymorphism or haplotype or to eliminate ("knockout" ) a particular protein activity. 

The oligonucleotides of the invention are designed as substrates for homologous pairing 
and repair enzymes and as such have a unique backbone composition that differs from chimeric RNA- 
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DNA double hairpin oligonucleotides, antisense oligonucleotides, and/or other poly- or oligonucleotides 
used for altering genomic DNA, such as triplex forming oligonucleotides. The single-stranded oligo- 
nucleotides described herein are inexpensive to synthesize and easy to purify. In side-by-side 
comparisons, an optimized single-stranded oligonucleotide comprising modified residues as described 
herein is significantly more efficient than a chimeric RNA-DNA double hairpin oligonucleotide in directing a 
base substitution or frameshift mutation in a cell-free extract assay. 

We have discovered that single-stranded oligonucleotides having a DNA domain 
surrounding the targeted base, with the domain preferably central to the poly- or oligonucleotide, and 
having at least one modified end, preferably at the 3" terminal region are able to alter a target genetic 
sequence and with an efficiency that is higher than chimeric RNA-DNA double hairpin oligonucleotides 
disclosed in US Patent 5,565,350. Oligonucleotides of the invention can efficiently be used to introduce 
targeted alterations in a genetic sequence of DNA in the presence of human, animal, plant fungal 
(including yeast) proteins and in cultured cells of human liver, lung, colon, cervix, kidney, epethelium and 
cancer cells and in monkey, hamster, rat and mouse cells of different types, as well as embryonic stem 
cells. Cells for use in the invention include, e.g., fungi including S. cerevisiae, Ustiliago maydis and 
Candida albicans, mammalian, mouse, hamster, rat, monkey, human and embryonic cells including stem 
cells. The DNA domain is preferably fully complementary to one strand of the gene target, except for the 
mismatch base or bases responsible for the gene alteration or conversion events. On either side of the 
preferably central DNA domain, the contiguous bases may be either RNA bases or, preferably, are 
primarily DNA bases. The central DNA domain is generally at least 8 nucleotides in length. The base(s) 
targeted for alteration in the most preferred embodiments are at least about 8, 9 or 1 0 bases from one end 
of the oligonucleotide. 

According to certain embodiments, the termini of the oligonucleotides of the present 
invention comprise phosphorothioate modifications, LNA backbone modifications, or 2-O-methyl base 
analogs, or any combination of these modifications. Oligonucleotides comprising 2-O-methyl or LNA 
analogs are a mixed DNA/RNA polymer. These oligonucleotides are, however, single-stranded and are 
not designed to form a stable internal duplex structure within the oligonucleotide. The efficiency of gene 
alteration is surprisingly increased with oligonucleotides having internal complementary sequence 
comprising phosphorothioate modified bases as compared to 2-O-methyl modifications. This result 
indicates that specific chemical interactions are involved between the converting oligonucleotide and the 
proteins involved in the conversion. The effect of other such chemical interactions to produce nuclease 
resistant termini using modifications other than LNA, phosphorothioate linkages, or 2-O-methyl analog 
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incorporation into an oligonucleotide can not yet be predicted because the proteins involved in the 
alteration process and their particular chemical interaction with the oligonucleotide substituents are not 
yet known and cannot be predicted. 

In the examples, correcting oligonucleotides of defined sequence are provided for 
correction of genes mutated in human diseases. In the tables of these examples, the oligonucleotides of 
the invention are not limited to the particular sequences disclosed. The oligonucleotides of the invention 
include extensions of the appropriate sequence of the longer 120 base oligonucleotides which can be 
added base by base to the smallest disclosed oligonucleotides of 17 bases. Thus the oligonucleotides of 
the invention include for each correcting change, oligonucleotides of length 1 8, 1 9, 20, 21 , 22, 23, 24, 25, 
26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 
54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70 r 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 
82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 
107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, or 120 with further single-nucleotide 
additions up to the longest sequence disclosed. Moreover, the oligonucleotides of the invention do not 
require a symmetrical extension on either side of the central DNA domain. Similarly, the oligonucleotides 
of the invention as disclosed in the various tables for correction of human diseases contain 
phosphorothioate linkages, 2-O-methyl analogs or LNAs or any combination of these modifications just 
as the assay oligonucleotides do. 

The present invention, however, is not limited to oligonucleotides that contain any 
particular nuclease resistant modification. Oligonucleotides of the invention may be altered with any 
combination of additional LNAs, phosphorothioate linkages or 2-O-methyl analogs to maximize 
conversion efficiency. For oligonucleotides of the invention that are longer than about 1 7 to about 25 
bases in length, internal as well as terminal region segments of the backbone may be altered. 
Alternatively, simple fold-back structures at each end of a oligonucleotide or appended end groups may 
be used in addition to a modified backbone for conferring additional nuclease resistance. 

The different oligonucleotides of the present invention preferably contain more than one 
of the aforementioned backbone modifications at each end. In some embodiments, the backbone 
modifications are adjacent to one another. However, the optimal number and placement of backbone 
modifications for any individual oligonucleotide will vary with the length of the oligonucleotide and the 
particular type o f backbone modifications) that are used. If constructs of identical sequence having 
phosphorothioate linkages are compared, 2, 3, 4, 5, or 6 phosphorothioate linkages at each end are 
preferred. If constructs of identical sequence having 2'-0-methyl base analogs are compared, 1, 2, 3 or 4 
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analogs are preferred. The optimal number and type of backbone modifications for any particular oligo- 
nucleotide useful for altering target DNA may be determined empirically by comparing the alteration 
efficiency of the oligonucleotide comprising any combination of the modifications to a control molecule of 
comparable sequence using any of the assays described herein. The optimal position(s) for 
oligonucleotide modifications for a maximally efficient altering oligonucleotide can be determined by 
testing the various modifications as compared to control molecule of comparable sequence in one of the 
assays disclosed herein. In such assays, a control molecule includes, e.g., a completely 2-0-methyl 
substituted molecule, a completely complementary oligonucleotide, or a chimeric RNA-DNA double 
hairpin. 

Increasing the number of phosphorothioate linkages, LNAs or 2-0-methyl bases beyond 
the preferred number generally decreases the gene repair activity of a 25 nucleotide long oligonucleotide. 
Based on analysis of the concentration of oligonucleotide present in the extract after different time periods 
of incubation, it is believed that the terminal modifications impart nuclease resistance to the oligonucleo- 
tide thereby allowing it to survive within the cellular environment However, this may not be the only 
possible mechanism by which such modifications confer greater efficiency of conversion. For example, 
as disclosed herein, certain modifications to oligonucleotides confer a greater improvement to the 
efficiency of conversion than other modifications. 

Efficiency of conversion is defined herein as the percentage of recovered substate 
molecules that have undergone a conversion event. Depending on the nature of the target genetic 
material, e.g. the genome of a cell, efficiency could be represented as the proportion of cells or clones 
containing an extrachromosomal element that exhibit a particular phenotype. Alternatively, representative 
samples of the target genetic material can be sequenced to determine the percentage that have acquired 
the desire change. The oligonucleotides of the invention in different embodiments can alter DNA one, two, 
three, four, five, six, seven, eight nine, ten, twelve, fifteen, twenty, thirty, and fifty or more fold more than 
control oligonucleotides. Such control oligonucleotides are oligonucleotides with fully phosphorothiolated 
linkages, oligonucleotides that are fully substituted with 2-0-methyl analogs, a perfectly matched 
oligonucleotide that is fully complementary to a target sequence or a chimeric DNA-RNA double hairpin 
oligonucleotide such as disclosed in US Patent 5,565,350. 

In addition, for a given oligonucleotide length, additional modifications interfere with the 
ability of the oligonucleotide to act in confer* with the cellular recombination or repair enzyme machinery 
which is necessary and required to mediate a targeted substitution, addition or deletion event in DNA. For 
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example, fully phosphorothiolated or fully 2-O-methylated molecules are inefficient in targeted gene 
alteration. 

The oligonucleotides of the invention as optimized for the purpose of targeted alteration 
of genetic material, including gene knockout or repair, are different in structure from antisense oligo- 
nucleotides that may possess a similar mixed chemical composition backbone. The oligonucleotides of 
the invention differ from such antisense oligonucleotides in chemical composition, structure, sequence, 
and in their ability to alter genomic DNA. Significantly, antisense oligonucleotides fail to direct targeted 
gene alteration. The oligonucleotides of the invention may target either the Watson or the Crick strand of 
DNA and can include any component of the genome including, for example, intron and exon sequences. 
The preferred embodiment of the invention is a modified oligonucleotide that binds to the non-transcribed 
strand of a genomic DNA duplex. In other words, the preferred oligonucleotides of the invention target the 
sense strand of the DNA, i.e. the oligonucleotides of the invention are complementary to the non- 
transcribed strand of the target duplex DNA. The sequence of the non-transcribed strand of a DNA 
duplex is found in the mRNA produced from that duplex, given that mRNA uses uracil-containing 
nucleotides in place of thymine-containing nucleotides. 

Moreover, the initial observation that single-stranded oligonucleotides comprising these 
modifications and lacking any particular triplex forming domain have reproducibly enhanced gene repair 
activity in a variety of assay systems as compared to a chimeric RNA-DNA double-stranded hairpin 
control or single-stranded oligonucleotides comprising other backbone modifications was surprising. The 
single-stranded molecules of the invention totally lack the complementary RNA binding structure that 
stabilizes a normal chimeric double-stranded hairpin of the type disclosed in U.S. Patent 5,565,350 yet is 
more effective in producing targeted base conversion as compared to such a chimeric RNA-DNA double- 
stranded hairpin. In addition, the molecules of the invention lack any particular triplex forming domain 
involved in Hoogsteen interactions with the DNA double helix and required by other known 
oligonucleotides in other oligonucleotide dependant gene conversion systems. Although the lack of these 
functional domains was expected to decrease the efficiency of an alteration in a sequence, just the 
opposite occurs: the efficiency of sequence alteration using the modified oligonucleotides of the invention 
is higher than the efficiency of sequence alteration using a chimeric RNA-DNA hairpin targeting the same 
sequence alteration. Moreover, the efficiency of sequence alteration or gene conversion directed by an 
unmodified oligonucleotide is many times lower as compared to a control chimeric RNA-DNA molecule or 
the modified oligonucleotides of the invention targeting the same sequence alteration. Similarly, 
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molecules containing at least 3 2-O-methyl base analogs are about four to five fold less efficient as 
compared to an oligonucleotide having the same number of phosphorothioate linkages. 

The oligonucleotides of the present invention for alteration of a single base are about 1 7 
to about 1 21 nucleotides in length, preferably about 1 7 to about 74 nucleotides in length. Most preferably, 
however, the oligonucleotides of the present invention are at least about 25 bases in length, unless there 
are self-dimerization structures within the oligonucleotide. If the oligonucleotide has such an unfavorable 
structure, lengths longer than 35 bases are preferred. Oligonucleotides with modified ends both shorter 
and longer than certain of the exemplified, modified oligonucleotides herein function as gene repair or 
gene knockout agents and are within the scope of the present invention. 

Once an oligomer is chosen, it can be tested for its tendency to self^dimerize, since self- 
dimerization may result in reduced efficiency of alteration of genetic information. Checking for self- 
dimerization tendency can be accomplished manually or, more preferably, by using a software program. 
One such program is Oligo Analyzer 2.0, available through Integrated DNA Technologies (Coralville, IA 
52241) (http://www.idtdna.com); this program is available for use on the world wide web at 
http://www.idtdna.com/program/oligoanalyzer/ 

oligoanalyzer.asp. 

For each oligonucleotide sequence input into the program, Oligo Analyzer 2.0 reports possible self- 
dimerized duplex forms, which are usually only partially duplexed, along with the free energy change 
associated with such self-dimerization. Delta G-values that are negative and large in magnitude, 
indicating strong self-dimerization potential, are automatically flagged by the software as "bad". Another 
software program that analyzes oligomers for pair dimer formation is Primer Select from DNASTAR, lnc M 
1228 S. Park St., Madison, Wl 53715, Phone: (608) 258-7420 
(http://www.dnastar.com/products/PrimerSelect.html). 

If the sequence is subject to significant self-dimerization, the addition of further sequence flanking the 
"repair" nucleotide can improve gene correction frequency. 

Generally, the oligonucleotides of the present invention are identical in sequence to one 
strand of the target DNA, which can be either strand of the target DNA, with the exception of one or more 
targeted bases positioned within the DNA domain of the oligonucleotide, and preferably toward the middle 
between the modified terminal regions. Preferably, the difference in sequence of the oligonucleotide as 
compared to the targeted genomic DNA is located at about the middle of the oligonucleotide sequence. In 
a preferred embodiment the oligonucleotides of the invention are complementary to the non-transcribed 
strand of a duplex. In other words, the preferred oligonucleotides target the sense strand of the DNA, i.e. 
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the oligonucleotides of the invention are preferably complementary to the strand of the target DNA the 
sequence of which is found in the mRNA. 

The oligonucleotides of the invention can include more than a single base change. In an 
oligonucleotide that is about a 70-mer, with at least one modified residue incorporated on the ends, as 
disclosed herein, multiple bases can be simultaneously targeted for change. The target bases may be up 
to 27 nucleotides apart and may not be changed together in all resultant plasmids in all cases. There is a 
frequency distribution such that the closer the target bases are to each other in the central DNA domain 
within the oligonucleotides of the invention, the higher the frequency of change in a given cell. Target 
bases only two nucleotides apart are changed together in every case that has been analyzed. The 
farther apart the two target bases are, the less frequent the simultaneous change. Thus, oligonucleotides 
of the invention may be used to repair or alter multiple bases rather than just one single base. For 
example, in a 74-mer oligonucleotide having a central base targeted for change, a base change event up 
to about 27 nucleotides away can also be effected. The positions of the altering bases within the 
oligonucleotide can be optimized using any one of the assays described herein. Preferably, the altering 
bases are at least about 8 nucleotides from one end of the oligonucleotide. 

The oligonucleotides of the present invention can be introduced into cells by any suitable 
means. According to certain preferred embodiments, the modified oligonucleotides may be used alone. 
Suitable means, however, include the use of polycations, cationic lipids, liposomes, polyethylenimine 
(PEI), electroporation, biolistics, microinjection and other methods known in the art to facilitate cellular 
uptake. According to certain preferred embodiments of the present invention, the isolated cells are 
treated in culture according to the methods of the invention, to mutate or repair a target gene. Modified 
cells may then be reintroduced into the organism as, for example, in bone marrow having a targeted 
gene. Alternatively, modified cells may be used to regenerate the whole organism as, for example, in a 
plant having a desired targeted genomic change. In other instances, targeted genomic alteration, 
including repair or mutagenesis, may take place in yjvo following direct administration of the modified, 
single-stranded oligonucleotides of the invention to a subject. 

The single-stranded, modified oligonucleotides of the present invention have numerous 
applications as gene repair, gene modification, or gene knockout agents. Such oligonucleotides may be 
advantageously used, for example, to introduce or correct multiple point mutations. Each mutation leads 
to the addition, deletion or substitution of at least one base pair. The methods of the present invention 
offer distinct advantages over other methods of altering the genetic makeup of an organism, in that only 
the individually targeted bases are altered. No additional foreign DNA sequences are added to the 
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genetic complement of the organism. Such agents may, for example, be used to develop plants or 
animals with improved traits by rationally changing the sequence of selected genes in cultured cells. 
Modified cells are then cloned into whole plants or animals having the altered gene. See, e.g., U.S. 
Patent 6,046,380 and U.S. Patent 5,905,1 85 incorporated hererin by reference. Such plants or animals 
produced using the compositions of the invention lack additional undesirable selectable markers or other 
foreign DNA sequences. Targeted base pair substitution or frameshift mutations introduced by an oligo- 
nucleotide in the presence of a cell-free extract also provides a way to modify the sequence of 
extrachromosomal elements, including, for example, plasmids, cosmids and artificial chromosomes. The 
oligonucleotides of the invention also simplify the production of transgenic animals having particular 
modified or inactivated genes. Altered animal or plant model systems such as those produced using the 
methods and oligonucleotides of the invention are invaluable in determining the function of a gene and in 
evaluating drugs. The oligonucleotides and methods of the present invention may also be used for gene 
therapy to correct mutations causative of human diseases. 

The purified oligonucleotide compositions may be formulated in accordance with routine 
procedures as a pharmaceutical composition adapted for bathing cells in culture, for microinjection into 
cells in culture, and for intravenous administration to human beings or animals. Typically, compositions 
for cellular administration or for intravenous administration into animals, including humans, are solutions 
in sterile isotonic aqueous buffer. Where necessary, the composition may also include a solubilizing 
agent and a local anaesthetic such as lignocaine to ease pain at the site of the injection. Generally, the 
ingredients will be supplied either separately or mixed together in unit dosage form, for example, as a dry, 
lyophilized powder or water-free concentrate. The composition may be stored in a hermetically sealed 
container such as an ampule or sachette indicating the quantity of active agent in activity units. Where 
the composition is administered by infusion, it can be dispensed with an infusion bottle containing sterile 
pharmaceutical grade "water for injection" or saline. Where the composition is to be administered by 
injection, an ampule of sterile water for injection or saline may be provided so that the ingredients may be 
mixed prior to administration. 

Pharmaceutical compositions of this invention comprise the compounds of the present 
invention and pharmaceutical^ acceptable salts thereof, with any pharmaceutical^ acceptable ingredient, 
excipient, carrier, adjuvant or vehicle. 

T he oligonucleotides of the invention are preferably administered to the subject in the 
form of an injectable composition. The composition is preferably administered parenteral^, meaning 
intravenously, intraarterially, intrathecal^, interstitially or intracavitarilly. Pharmaceutical compositions of 
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this invention can be administered to mammals including humans in a manner similar to other diagnostic 
or therapeutic agents. The dosage to be administered, and the mode of administration will depend on a 
variety of factors including age, weight sex, condition of the subject and genetic factors, and will 
ultimately be decided by medical personnel subsequent to experimental determinations of varying dosage 
as described herein. In general, dosage required for correction and therapeutic efficacy will range from 
about 0.001 to 50,000 pg/kg, preferably between 1 to 250 pg/kg of host cell or body mass, and most 
preferably at a concentration of between 30 and 60 micromolar. 

For cell administration, direct injection into the nucleus, biolistic bombardment 
electroporation, liposome transfer and calcium phosphate precipitation may be used. In yeast lithium 
acetate or spheroplast transformation may also be used. In a preferred method, the administration is 
performed with a liposomal transfer compound, e.g., DOTAP (Boehringer-Mannheim) or an equivalent 
such as lipofectin. The amount of the oligonucleotide used is about 500 nanograms in 3 micrograms of 
DOTAP per 100,000 cells. For electroporation, between 20 and 2000 nanograms of oligonucleotide per 
million cells to be electroporated is an appropriate range of dosages which can be increased to improve 
efficiency of genetic alteration upon review of the appropriate sequence according to the methods 
described herein. 

Another aspect of the invention is a kit comprising at least one oligonucleotide of the 
invention. The kit may comprise an addition reagent or article of manufacture. The additional reagent or 
article of manufacture may comprise a cell extract a cell, or a plasmid, such as one of those disclosed in 
the Figures herein, for use in an assay of the invention. 

Brief Description Of The Drawing s 

Figure 1 . Flow diagram for the generation of modified single-stranded oligonucleotides. 

The upper strands of chimeric oligonucleotides I and II are separated into pathways resulting in the 

generation of single-stranded oligonucleotides that contain (A) 2-O-methyl RNA nucleotides or (B) 

phosphorothioate linkages. Fold changes in repair activity for correction of kan s in the HUH7 cell-free 

extract are presented in parenthesis. HUH7 cells are described in Nakabayashi et al. ( Cancer Research 

42: 3858-3863 (1982). Each single-stranded oligonucleotide is 25 bases in length and contains a G 

residue mismatched to the complementary sequence of the kan 8 gene. The numbers 3, 6, 8, 10, 12 and 

12.5 respectively indicate how many phosohorothioate linkages (S) or 2'-0-methyl RNA nucleotides (R) 

♦ 

are at each end of the molecule. Hence oligo 12S/25G contains an all phosphorothioate backbone, 
displayed as a dotted line. Smooth lines indicate DNA residues, wavy lines indicate 2-O-methyl RNA 
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residues and the carat indicates the mismatched base site (G). Figure 1 (C) provides a schematic plasmid 
indicating the sequence of the kan chimeric double-stranded hairpin oligonucleotide (left) and the 
sequence the tet chimeric double-stranded hairpin oligonucleotide used in other experiments. Figure 
1 (D) provides a flow chart of a kan experiment in which a chimeric double-stranded hairpin 
oligonucleotide is used. 

Figure 2. Genetic readout system for correction of a point mutation in plasmid pK s m4021 . 
A mutant kanamycin gene harbored in plasmid pK s m4021 is the target for correction by oligonucleotides. 
The mutant G is converted to a C by the action of the oligo. Corrected plasmids confer resistance to 
kanamycin in E.coli (DH10B) after electroporation leading to the genetic readout and colony counts. 

Figure 3: Target plasmid and sequence correction of a frameshift mutation by chimeric 
and Siingle-stranded oligonucleotides. (A) Plasmid pTA208 contains a single base deletion mutation at 
position 208 rendering it unable to confer tet resistance. The target sequence presented below indicates 
the insertion of a T directed by the oligonucleotides to re-establish the resistant phenotype. (B) DNA 
sequence confirming base insertion directed by Tet 3S/25G; the yellow highlight indicates the position of 
frameshift repair. 

Figure 4. DNA sequences of representative karf colonies. Confirmation of sequence 
alteration directed by the indicated molecule is presented along with a table outlining codon distribution. 
Note that 10S/25G and 12S/25G elicit both mixed and unfaithful gene repair. The number of clones 
sequenced is listed in parentheses next to the designation for the single-stranded oligonucleotide. A plus 
(+) symbol indicates the codon identified while a figure after the (+) symbol indicates the number of 
colonies with a particular sequence. TAOTAG indicates a mixed peak. Representative DNA sequences 
are presented below the table with yellow highlighting altered residues. 

Figure 5. Gene correction in HeLa cells. Representative oligonucleotides of the 
invention are co-transfected with the pCMVneoQFIAsH plasmid (shown in Figure 9) into HeLa cells. 
Ligand is diffused into cells after co-transfection of plasmid and oligonucleotides. Green fluorescence 
indicates gene correction of the mutation in the antibiotic resistance gene. Correction of the mutation 
results in the expression of a fusion protein that carries a marker ligand binding site and when the fusion 
protein binds the ligand, a green fluorescence is emitted. The ligand is produced by Aurora Biosciences 
and can readily diffuse into cells enabling a measurement of corrected protein function; the protein must 
bind the ligand directly to induce fluorescence. Hence cells bearing thp corrected plasmid gene appear 
green while "uncorrected" cells remain colorless. 
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Figure 6. Z-series imaging of corrected cells. Serial cross-sections of the HeLa cefl 
represented in Figure 5 are produced by Zeiss 510 LSM confocal microscope revealing that the fusion 
protein is contained within the cell. 

Figure 7. Hygrornycin-eGFP target plasmids. (A) Plasmid pAURHYG(ins)GFP contains 
a single base insertion mutation between nucleotides 136 and 137, atcodon 46, of the Hygromycin B 
coding sequence (cds) which is transcribed from the constitutive ADM promoter. The target sequence 
presented below indicates the deletion of an A and the substitution of a C for a T directed by the 
oligonucleotides to re-establish the resistant phenotype. (B) Plasmid pAURHYG(rep)GFP contains a 
base substitution mutation introducing a G at nucleotide 137, atcodon 46, of the Hygromycin B coding 
sequence (cds). The target sequence presented below the diagram indicates the amino acid 
conservative replacement of G with C, restoring gene function. . 

Figure 8. Oligonucleotides for correction of hygromycin resistance gene. The sequence 
of the oligonucleotides used in experiments to assay correction of a hygromycin resistance gene are 
shown. DNA residues are shown in capital letters, RNA residues are shown in lowercase and nucleotides 
with a phosphorothioate backbone are capitalized and underlined. 

Figure 9. pAURNeo(-)FIAsH plasmid. This figure describes the plasmid structure, target 
sequence, oligonucleotides, and the basis for detection of the gene alteration event by fluorescence. 

Figure 1 0. pYESHyg(x)eGFP plasmid. This plasmid is a construct similar to the 
pAURHyg(x)eGFP construct shown in Figure 7, except the promoter is the inducible GAL1 promoter. 
This promoter is inducible with galactose, leaky in the presence of raffinose, and repressed in the 
presence of dextrose. 

The following examples are provided by way of illustration only, and are not intended to 
limit the scope of the invention disclosed herein. 

EXAMPLE 1 
Assay Method For Base Alteration 
And Preferred Oligonucleotide Selection 

In this example, single-stranded and double-hairpin oligonucleotides with chimeric 
backbones (see Figure 1 for structures (A and B) and sequences (C and D) of assay oligonucleotides) 
are used to correct a point mutation in the kanamycin gene of pK s m4021 (Figure 2) or the tetracycline 
gene of pT s A208 (Figure 3). All kan oligonucleotides share the same 25 base sequence surrounding the 
target base identified for change, just as all tet oligonucleotides do. The sequence is given in Figures 1C 
and Figure 1D. Each plasmid contains afunctional ampicillin gene. Kanamycin gene function is restored 
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when a G at position 4021 is converted to a C (via a substitution mutation); tetracycline gene function is 
restored when a deletion at position 208 is replaced by a C (via frameshift mutation). A separate plasmid, 
pAURNeo(-)FIAsH (Figure 9), bearing the kan s gene is used in the cell culture experiments. This plasmid 
was constructed by inserting a synthetic expression cassette containing a neomycin phosphotransferase 
(kanamycin resistance) gene and an extended reading frame that encodes a receptor for the FIAsH 
ligand into the pAUR123 shuttle vector (Panvera Corp., Madison, Wl). The resulting construct replicates 
in S. cerevisiae at low copy number, confers resistance to aureobasidinA and constitutively expresses 
either the Neo-^FIAsH fusion product (after alteration) or the truncated Neo-/FlAsH product (before 
alteration) from the ADH1 promoter. By extending the" reading frame of this gene to code for a unique 
peptide sequence capable of binding a small ligand to form a fluorescent complex, restoration of 
expression by correction of the stop codon can be detected in real time using confocal microscopy. 
Additional constructs can be made to test additional gene alteration events. 

We also construct three mammalian expression vectors, pHyg(rep)eGFP, 
pHyg(A)eGFP, pHyg(ins)eGFP, that contain a substitution mutation at nucleotide 137 of the hygromycin- 
B coding sequence, (rep) indicates a T137-4G replacement, (A) represents a deletion of the G137 and 
(ins) represents an A insertion between nucleotides 1 36 and 1 37, All point mutations create a nonsense 
termination codon at residue 46. We use pHygEGFP plasmid (Invitrogen, CA) DNA as a template to 
introduce the mutations into the hygromycin-eGFP fusion gene by a two step site-directed mutagenesis 
PCR protocol. First we generate overlapping 5* and a 3' amplicons surrounding the mutation site by PCR 
for each of the point mutation sites. A 21 5 bp 5' amplicon for the (rep), (A) or (ins) was generated by 
polymerization from oligonucleotide primer HygEGFPf (5'-MTACGACTCACTATAGG-3') to primer 
Hygrepr (5 , GACCTATCCACGCCCTCC-3 , ) I HygAr (S'-GACTATCCACGCCCTCC-n or Hyginsr (5'- 
GACATTATCCACGCCCTCC-3 , ) ( respectively. We generate a 300bp 3' amplicon for the (rep), (A) or 
(ins) by polymerization from oligonucleotide primers Hygrepf (S'-CTGGGATAGGTCCTGCGG-S 1 ), HygAf 
(5'-CGTGGATAGTCCTGCGG-3'), Hyginsf (5'-CGTGGATAATGTCCTGCGG-3'), respectively to primer 
HygEGFPr (S-AAATCACGCCATGTAGTG-S 1 ). We mix 20 ng of each of the resultants' and 3' 
overlapping amplicon mutation sets and use the mixture as a template to amplify a 523 bp fragment of the 
Hygromycin gene spanning the Kpnl and Rsrll restriction endonuclease sites. We use the Expand PCR 
system (Roche) to generate all amplicons with 25 cycles of denaturing at 94°C for 10 seconds, annealing 
at 55°C for 20 seconds and elongation at 68°C for 1 minute. We digest 10 pg of vector pHygEGFP and 5 
pg of the resulting fragments for each mutation with Kpnl and Rsrll (NEB) and gel purify the fragment for 
enzymatic ligation. We ligate each mutated insert into pHygEGFP vector at 3:1 molar ration using T4 
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DNA iigase (Roche). We screen clones by restriction digest confirm the mutation by Sanger dideoxy 
chain termination sequencing and purify the plasmid using a Qiagen maxiprep kit 

Oligonucleotide synthesis and cells. Chimeric oligonucleotides and single-stranded 
oligonucleotides (including those with the indicated modifications) are synthesized using available 
phosphoramidites on controlled pore glass supports. After deprotection and detachment from the solid 
support, each oligonucleotide is gel-purified using, for example, procedures such as those described in 
Gamper ef a/., Biochem. 39, 5808-5816 (2000) and the concentrations determined spectrophotometrically 
(33 or 40 pg/ml per A 260 unit of single-stranded or hairpin oligomer). HUH7 cells are grown in DMEM, 
10% FBS, 2mM glutamine, 0.5% pen/strep. The Ecofi strain, DH10B, is obtained from Life Technologies 
(Gaithersburg, MD); DH10B cells contain a mutation in the RECA gene (recA). 

Cell-free extracts. We prepare cell-free extracts from HUH7 cells or other mammalian 
cells, as follows. We employ this protocol with essentially any mammalian cell including, for example, 
H1299 cells (human epithelial carcinoma, non-small cell lung cancer), C127I (immortal murine mammary 
epithelial cells), MEF (mouse embryonic fibroblasts), HEC-l-A (human uterine carcinoma), HCT15 
(human colon cancer), HCT116 (human colon carcinoma), LoVo (human colon adenocarcinoma), and 
HeLa (human cervical carcinoma). We harvest approximately 2x1 0 a cells. We then wash the cells 
immediately in cold hypotonic buffer (20 mM HEPES, pH7.5; 5 mM KCI; 1 .5 mM MgCI 2 ; 1 mM DTT) with 
250 mM sucrose. We then resuspend the cells in cold hypotonic buffer without sucrose and after 15 
minutes we lyse the cells with 25 strokes of a Dounce homogenizer using a tight fitting pestle. We 
incubate the lysed cells for 60 minutes on ice and centrifuge the sample for 15 minutes at 12000xg. The 
cytoplasmic fraction is enriched with nuclear proteins due to the extended co-incubation of the fractions 
following cell breakage. We then immediately aliquote and freeze the supernatant at -8Q°C. We 
determine the protein concentration in the extract by the Bradford assay. 

We also perform these experiments with cell-free extracts obtained from fungal cells, 
including, for example, S. cerevisiae (yeast), Ustilago maydis, and Candida albicans. For example, we 
grow yeast cells into log phase in 2L YPD medium for 3 days at 30°C. We then centrifuge the cultures at 
5000xg, resuspend the pellets in a 10% sucrose, 50 mM Tris, 1mM EDTA lysis solution and freeze them 
on dry ice. After thawing, we add KCI, spermidine and lyticase to final concentrations of 0.25 mM, 5 mM 
and 0.1 mg/ml, respectively. We incubate the suspension on ice for 60 minutes, add PMSF and Triton 
X100 to final concrntrations of 0.1 mM and 0.1% and continue to incubate on ice for 20 minutes. We 
centrifuge the lysate at 3000xg for 1 0 minutes to remove larger debris. We then remove the supernatant 
and clarify it by centrifuging at 30000xg for 1 5 minutes. We then add glycerol to the clarified extract to a 
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concentration of 10% (v/v) and freeze aliquots at-80°C. We determine the protein concentration of the 
extract by the Bradford assay. 

Reaction mixtures of 50 pi are used, consisting of 1 0-30 pg protein of cell-free extract 
which can be optionally substituted with purified proteins or enriched fractions, about 1.5 M9 chimeric 
double-hairpin oligonucleotide or 0.55 pg single-stranded molecule (3S/25G or 6S/25G, see Figure 1), 
and 1 pg of plasmid DNA (see Figures 2 and 3) in a reaction buffer of 20 mM Tris, pH 7.4, 1 5 mM MgCI 2 , 
0.4 mM DTT, and 1 .0 mM ATP. Reactions are initiated with extract and incubated at 30°C for 45 min. 
The reaction is stopped by placing the tubes on ice and then immediately deproteinized by two 
phenol/chloroform (1:1) extractions. Samples are then ethanol precipitated. The nucleic acid is pelleted 
at 15,000 r.p.m. at 4°C for 30 min., is washed with 70% ethanol, resuspended in 50 pi H 2 0, and is stored 
at -20°C. 5 pi of plasmid from the resuspension (-100 ng) was transfected in 20 pi of DH10B cells by 
electroporation (400 V, 300 pF, 4 kQ) in a Cell-Porator apparatus (Life Technologies). After electro- 
poration, cells are transferred to a 14 ml Falcon snap-cap tube with 2 ml SOC and shaken at 37°C for 1 h. 
Enhancement of final kan colony counts is achieved by then adding 3 ml SOC with 10 pg/ml kanamycin 
and the cell suspension is shaken for a further 2 h at 37°C. Cells are then spun down at 3750 x g and the 
pellet is resuspended in 500 pi SOC. 200 pi is added undiluted to each of two kanamycin (50 pg/ml) 
agar plates and 200 pi of a 1 0 s dilution is added to an ampicillin (1 00 pg/ml) plate. After overnight 37°C 
incubation, bacterial colonies are counted using an Accucount 1000 (Biologies). Gene conversion 
effectiveness is measured as the ratio of the average of the kan colonies on both plates per amp colonies 
multiplied by 1 0" 5 to correct for the amp dilution. 

The following procedure can also be used. 5 pi of resuspended reaction mixtures (total 
volume 50 pi) are used to transform 20 pi aliquots of electro-competent AH1 0B bacteria using a 
Cell-Porator apparatus (Life Technologies). The mixtures are allowed to recover in 1 ml SOC at 37°C for 
1 hour at which time 50 pg/ml kanamycin or 12 pg/ml tetracycline is added for an additional 3 hours. 
Prior to plating, the bacteria are pelleted and resuspended in 200 p1 of SOC. 100 pi aliquots are plated 
onto kan or tet agar plates and 1 00 pi of a 1 0* 4 dilution of the cultures are concurrently plated on agar 
plates containing 100 pg/ml of ampicillin. Plating is performed in triplicate using sterile Pyrex beads. 
Colony counts are determined by an Accu-count 1000 plate reader (Biologies). Each plate contains 200- 
500 ampicillin resistant colonies or 0-500 tetracycline or kanamycin resistant colonies. Resistant colonies 
are selected for plasmid extraction and DNA sequencing using an ABI Prism kit on an ABI 31 0 capillary 
sequencer (PE Biosystems). 
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Chimeric single-stranded oligonucleotides. In Figure 1 the upper strands of chimeric 
oligonucleotides I and II are separated into pathways resulting in the generation of single-stranded oligo- 
nucleotides that contain (Figure 1A) 2'-0-methyl RNA nucleotides or (Figure 1B) phosphorothioate 
linkages. Fold changes in repair activity for correction of kan s in the HUH7 cell-free extract are presented 
in parenthesis. Each single-stranded oligonucleotide is 25 bases in length and contains a G residue 
mismatched to the complementary sequence of the kan s gene. 

Molecules bearing 3, 6, 8, 10 and 12 phosphorothioate linkages in the terminal regions at 
each end of a backbone with a total of 24 linkages (25 bases) are tested in the kan s system. Alternatively, 
molecules bearing 2, 4, 5, 7, 9 and 1 1 in the terminal regions at each end are tested. The results of one 
such experiment presented in Table 1 and Figure 1B, illustrate an enhancement of correction activity 
directed by some of these modified structures. In this illustrative example, the most efficient molecules 
contained 3 or 6 phosphorothioate linkages at each end of the 25-mer; the activities are approximately 
equal (molecules IX and X with results of 3.09 and 3.7 respectively). A reduction in alteration activity may 
be observed as the number of modified linkages in the molecule is further increased. Interestingly, a 
single-strand molecule containing 24 phosphorothioate linkages is minimally active suggesting that this 
backbone modification when used throughout the molecule supports only a low level of targeted gene 
repair or alteration. Such a non-altering, completely modified molecule can provide a baseline control for 
determining efficiency of correction for a specific oligonucleotide molecule of known sequence in defining 
the optimum oligonucleotide for a particular alteration event 

The efficiency of gene repair directed by phosphorothioate-modified, single-stranded 
molecules, in a length dependent fashion, led us to examine the length of the RNA modification used in 
the original chimera as it relates to correction. Construct III represents the "RNA-containing" strand of 
chimera I and, as shown in Table 1 and Figure 2A, it promotes inefficient gene repair. But, as shown in 
the same figure, reducing the RNA residues on each end from 10 to 3 increases the frequency of repair. 
At equal levels of modification, however, 25-mers with 2'-0-methyl ribonucleotides were less effective 
gene repair agents than the same oligomers with phosphorothioate linkages. These results reinforce the 
fact that an RNA containing oligonucleotide is not as effective in promoting gene repair or alteration as a 
modified DNA oligonucleotide. 

Repair of the kanamycin mutation requires a G-C exchange. To confirm that the specific 
desired correction alteration was obtained, colonies selected at random from multiple experiments are 
processed and the isolated plasmid DNA is sequenced. As seen in Figure 4, colonies generated through 
the action of the single-stranded molecules 3S/25G (IX), 6S/25G (X) and 8S/25G (XI) respectively 
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contained plasmid molecules harboring the targeted base correction. While a few colonies appeared on 
plates derived from reaction mixtures containing 25-mers with 10 or 12 thioate linkages on both ends, the 
sequences of the plasmid molecules from these colonies contain nonspecific base changes. In these 
illustrative examples, the second base of the codon is changed (see Figure 3). These results show that 
modified single-strands can direct gene repair, but that efficiency and specificity are reduced when the 
25-mers contain 10 or more phosphorothioate linkages at each end. 

In Figure 1, the numbers 3, 6, 8, 10, 12 and 12.5 respectively indicate how many 
phosphorothioate linkages (S) or 2-O-methyl RNA nucleotides (R) are at each end of the examplified 
molecule although other molecules with 2, 4, 5, 7, 9 and 1 1 modifications at each end can also be tested. 
Hence oligo 12S/25G represents a 25-mer oligonucleotide which contains 12 phosphorothioate linkages 
on each side of the central G target mismatch base producing a fully phosphorothioate linked backbone, 
displayed as a dotted line. The dots are merely representative of a linkage in the figure and do not depict 
the actual number of linkages of the oligonucleotide. Smooth lines indicate DNA residues, wavy lines 
indicate 2'-0-methyl RNA residues and the carat indicates the mismatched base site (G). 

Correction of a mutant kanamycin gene in cultured mammalian cells. The experiments 
are performed using different mammalian cells, including, for example, 293 cells (transformed human 
primary kidney cells), HeLa cells (human cervical carcinoma), and H1299 (human epithelial carcinoma, 
non-small cell lung cancer). HeLa cells are grown at 37°C and 5% C0 2 in a humidified incubator to a 
density of 2 x 10 s cells/ml in an 8 chamber slide (Lab-Tek). After replacing the regular DMEM with 
Optimem, the cells are co-transfected with 10 |jg of plasmid pAURNeo(-)FIAsH and 5 pg of modified 
single-stranded oligonucleotide (3S/25G) that is previously complexed with 10 M9 lipofectamine, 
according to the manufacturer's directions (Life Technologies). The cells are treated with the liposome- 
DNA-oligo mix for 6 hrs at 37°C. Treated cells are washed with PBS and fresh DMEM is added. After a 
16-18 hr recovery period, the culture is assayed for gene repair. The same oligonucleotide used in the 
cell-free extract experiments is used to target transfected plasmid bearing the kan s gene. Correction of 
the point mutation in this gene eliminates a stop codon and restores full expression. This expression can 
be detected by adding a small non-fluorescent ligand that bound to a C-C-R-E-C-C sequence in the 
genetically modified carboxy terminus of the kan protein, to produce a highly fluorescent complex (FIAsH 
system, Aurora Biosciences Corporation). Following a 60 min incubation at room temperature with the 
ligand (FlAsH-EDT2),"cells expressing full length kan product acquire an intense green fluorescence 
detectable by fluorescence microscopy using a fluorescein filter set. Similar experiments are performed 
using the HygeGFP target as described in Example 2 with a variety of mammalian cells, including, for 
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example, COS-1 and COS-7 cells (African green monkey), and CH0-K1 cells (Chinese hamster ovary). 
The experiments are also performed with PG12 cells (rat pheochromocytoma) and ES cells (human 
embryonic stem cells). 

Summary of experimental results. Tables 1, 2 and 3 respectively provide data on the 
efficiency of gene repair directed by single-stranded oligonucleotides. Table 1 presents data using a cell- 
free extract from human liver cells (HUH7) to catalyze repair of the point mutation in plasmid pkan s m4021 
(see Figure 1 ). Table 2 illustrates that the oligomers are not dependent on MSH2 or MSH3 for optimal 
gene repair activity. Table 3 illustrates data from the repair of a frameshift mutation (Figure 3) in the tet 
gene contained in plasmid pTetA208. Table 4 illustrates data from repair of the pkan s m4021 point 
mutation catalyzed by plant cell extracts prepared from canola and musa (banana). Colony numbers are 
presented as kan r or tef and fold increases (single strand versus double hairpin) are presented for kan r in 
Table 1. 

Figure 5A is a confocal picture of HeLa cells expressing the corrected fusion protein from 
an episomal target Gene repair is accomplished by the action of a modified single-stranded oligonucleo- 
tide containing 3 phosphorothioate linkages at each end (3S/25G). Figure 5B represents a "Z-series" of 
HeLa cells bearing the corrected fusion gene. This series sections the cells from bottom to top and 
illustrates that the fluorescent signal is "inside the cells". 

Results. In summary, we have designed a novel class of single-stranded 
oligonucleotides with backbone modifications at the termini and demonstrate gene repair/conversion 
activity in mammalian and plant cell-free extracts. We confirm that the all DNA strand of the RNA-DNA 
double-stranded double hairpin chimera is the active component in the process of gene repair. In some 
cases, the relative frequency of repair by the novel oligonucleotides of the invention is elevated 
approximately 3-4-fold when compared to frequencies directed by chimeric RNA-DNA double hairpin 
oligonucleotides. 

This strategy centers around the use of extracts from various sources to correct a 
mutation in a plasmid using a modified single-stranded or a chimeric RNA-DNA double hairpin 
oligonucleotide. A mutation is placed inside the coding region of a gene conferring antibiotic resistance in 
bacteria, here kanamycin or tetracycline. The appearance of resistance is measured by genetic readout 
in Ecoti grown in the presence of the specified antibiotic. The importance of this system is that both 
phenotypic alteration and genetic inheritance can be measured. Plasmid pK s m4021 contains a mutation 
(T-G) at residue 4021 rendering it unable to confer antibiotic resistance in EcolL This point mutation is 
targeted for repair by oligonucleotides designed to restore kanamycin resistance. To avoid concerns of 
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plasmid contamination skewing the colony counts, the directed correction is from G-C rather than G-T 
(wild-type). After isolation, the plasmid is electroporated into the DH1 OB strain of Ecoli, which contains 
inactive "RecA protein. The number of kanamycin colonies is counted and normalized by ascertaining the 
number of ampicillin colonies, a process that controls for the influence of electroporation. The number of 
colonies generated from three to five independent reactions was averaged and is presented for each 
experiment A fold increase number is recorded to aid in comparison. 

The original RNA-DNA double hairpin chimera design, e.g., as disclosed in U.S. 
Patent 5,565,350, consists of two hybridized regions of a single-stranded oligonucleotide folded into a 
double hairpin configuration. The double-stranded targeting region is made up of a 5 base pair DNA/DNA 
segment bracketed by 10 base pair RNA/DNA segments. The central base pair is mismatched to the 
corresponding base pair in the target gene. When a molecule of this design is used to correct the kan s 
mutation, gene repair is observed (I in Figure 1A). Chimera II (Figure 1B) differs partly from chimera I in 
that only the DNA strand of the double hairpin is mismatched to the target sequence. When this chimera 
was used to correct the kan* mutation, it was twice as active. In the same study, repair function could be 
further increased by making the targeting region of the chimera a continuous RNA/DNA hybrid. 

Frame shift mutations are repaired. By using plasmid pPA208, described in Figure 1 (C) 
and Figure 3, the capacity of the modified single-stranded molecules that showed activity in correcting a 
point mutation, can be tested for repair of a frameshift. To determine efficiency of correction of the 
mutation, a chimeric oligonucleotide (Tet I), which is designed to insert a T residue at position 208, is 
used. A modified single-stranded oligonucleotide (Tet IX) directs the insertion of a T residue at this same 
site. Figure 3 illustrates the plasmid and target bases designated for change in the experiments. When 
all reaction components are present (extract plasmid, oligomer), tetracycline resistant colonies appear. 
The colony count increases with the amount of oligonucleotide used up to a point beyond which the count 
falls off (Table 3). No colonies above background are observed in the absence of either extract or 
oligonucleotide, nor when a modified single-stranded molecule bearing perfect complementarity is used. 
Figure 3 represents the sequence surrounding the target site and shows that a T residue is inserted at the 
correct site. We have isolated plasmids from fifteen colonies obtained in three independent experiments 
and each analyzed sequence revealed the same precise nucleotide insertion. These data suggest that 
the single-stranded molecules used initially for point mutation correction can also repair nucleotide 
deletions. 

Comparison of phosphorothioate oligonucleotides to 2'-0-methyl substituted 
oligonucleotides. From a comparison of molecules VII and XI, it is apparent that gene repair is more 



WO 01/73002 



-24- 



PCT/US01/09761 



subject to inhibition by RNA residues than by phosphorothioate linkages. Thus, even though both of 
these oligonucleotides contain an equal number of modifications to impart nuclease resistance, XI (with 
16 phosphorothioate linkages) has good gene repair activity while VII (with 16 2-O-methyl RNA residues) 
is inactive. Hence, the original chimeric double hairpin oligonucleotide enabled correction directed, in 
large part, by the strand containing a large region of contiguous DNA residues. 

Oligonucleotides can target multiple nucleotide alterations within the same template. The 
ability of individual single-stranded oligonucleotides to correct multiple mutations in a single target 
template is tested using the plasmid pK s m4021 and the following single-stranded oligonucleotides 
modified with 3 phosphorothioate linkages at each end (indicated as underlined nucleotides): Oligol is a 
25-mer with the sequence TTCGATAAGCCTATGCTGACCCGTG corrects the original mutation present 
in the kanamycin resistance gene of pK s m4021 as well as directing another alteration 2 basepairs away in 
the target sequence (both indicated in boldface); Oligo2 is a 70-mer with the 5-end sequence 
IICGGCTACGACTGGGCACAACAGACAATTGGC with the remaining nucleotides being completely 
complementary to the kanamycin resistance gene and also ending in 3 phosphorothioate linkages at the 
3' end. Oligo2 directs correction of the mutation in pK s m4021 as well as directing another alteration 21 
basepairs away in the target sequence (both indicated in boldface). 

We also use additional oligonucleotides to assay the ability of individual oligonucleotides 
to correct multiple mutations in the pK"M4021 plasmid. These include, for example, a second 25-mer that 
alters two nucleotides that are three nucleotides apart with the sequence 5- 
TTGTGCCCAGTCGTATCCGAATAGC-3'; a 70-mer that alters two nucleotides that are 21 nucleotides 
apart with the sequence S'-CATCAGAGCAGCCAATTGTCTGTTGTGCCCAGTCGTAGCCGAA 
TAGCCTCTCCACCCAAGCGGCCGGAGA-3'; and another 70-mer that alters two nucleotides that are 21 
nucleotides apart with the sequence 5'- 

GCTGACAGCCGGMCACGGCGGCATCAGAGCAGCCMTTGTCTGTTGTGCCCAGTCGTAGCCGAAT 
AGCCT-3'. The nucleotides in the oligonucleotides that direct alteration of the target sequence are 
underlined and in boldface. These oligonucleotides are modified in the same way as the other 
oligonucleotides of the invention. 

We assay correction of the original mutation in pK s m4021 by monitoring kanamycin 
resistance (the second alterations which are directed by Oligo2 and Oligo3 are silent with respect to the 
kanamycin resistance phenotype). In addition, in experiments with Oligo2, we also monitor cleavage of 
the resulting plasmids using the restriction enzyme Tsp509l which cuts at a specific site present only 
when the second alteration has occurred (at ATT in Oligo2). We then sequence these clones to 
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determine whether the additional, silent alteration has also been introduced. The results of an analysis 
are presented below: 





Oligol (25-mer) 


0ligo2 (70-mer) 


Clones with both sites changed 


9 


7 


Clones with a single site changed 


0 


2 


Clones that were not changed 


4 


1 



Nuclease sensitivity of unmodified DNA oligonucleotide. Electrophoretic analysis of 
nucleic acid recovered from the cell-free extract reactions conducted here confirm that the unmodified 
single-stranded 25-mer did not survive incubation whereas greater than 90% of the terminally modified 
oligos did survive (as judged by photo-image analyses of agarose gels). 

Plant extracts direct repair. The modified single-stranded constructs can be tested in 
plant cell extracts. We have observed gene alteration using extracts from multiple plant sources, 
including, for example, Arabidopsis, tobacco, banana, maize, soybean, canola, wheat, spinach as well as 
spinach chloroplast extract We prepare the extracts by grinding plant tissue or cultured cells under liquid 
nitrogen with a mortar and pestle. We extract 3 ml of the ground plant tissue with 1 .5 ml of extraction 
buffer (20 mM HEPES, pH7.5; 5 mM Kcl; 1.5 mM MgCI 2 ; 10 mM DTT; 10% [v/v] glycerol; and 1 % [w/v] 
PVP). We then homogenize the samples with 1 5 strokes of a Dounce homogenizer. Following 
homogenization, we incubate the samples on ice for 1 hour and centrifuge at 3000xg for 5 minutes to 
remove plant cell debris. We then determine the protein concentration in the supernatants (extracts) by 
Bradford assay. We dispense 100 (protein) aliquots of the extracts which we freeze in a dry ice- 
ethanol bath and store at-80°C. 

We describe experiments using two sources here: a dicot (canola) and a monocot 
(banana, Musa acuminata cv. Rasthali). Each vector directs gene repair of the kanamycin mutation 
(Table 4); however, the level of correction is elevated 2-3 fold relative to the frequency observed with the 
chimeric oligonucleotide. These results are similar to those observed in the mammalian system wherein 
a significant improvement in gene repair occurred when modified single-stranded molecules were used. 

Tables are attached hereto. 
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Table I 



Gene repair activity is directed by single-stranded oligonucleotides. 



Oligonucleotide Plasmid Extract fug) kan r colonies 



Fold increase 



I 
I 

n 
n 
in 
m 
rv 

IV 

v 
v 

VI 
VI 

vn 
vn 

VIII 

vm 

IX 
IX 

x 
x 

XI 
XI 

xn 
xn 
xm 
xm 



pK s m4021 



10 


300 




20 


418 


1 Ox 


10 


537 




20 


748 


1 7Rx 


10 


3 




20 


5 


0 01* 


10 


112 




20 


96 




10 


217 




20 


342 


0 81x 


10 


6 




20 


39 


0 OQ^y 

U.U7JA 


10 


o 




20 


0 


Ox 


10 


3 




20 


5 


O.Olx 


10 


936 




20 


1295 


3.09x 


10 


1140 




20 


1588 


3.7x 


10 


480 




20 


681 


1.6x 


10 


18 




20 


25 


0.059x 


10 


0 




20 


4 


0.009x 


20 


0 






0 





Plasmid pK s m4021 (l^g), the indicated oligonucleotide (1,5 \ig chimeric oligonucleotide 



or 0.55 fig single-stranded oligonucleotide; molar ratio of oligo to plasmid of 360 to 1) 
and either 10 or 20 fig of HUH7 cell-free extract were incubated 45 min at 37°C. Isolated 
plasmid DNA was electroporated into £. coli (strain DH10B) and the number of kan r 
colonies counted The data represent the number of kanamycin resistant colonies per 10 6 
ampicillin resistant colonies generated from the same reaction and is the average of three 
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experiments (standard deviation usually less than +/- 15%). Fold increase is defined 
relative to 418 kan r colonies (second reaction) and in all reactions was calculated using 
the 20\ig sample. 
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Table II 



Modified single-stranded oligomers are not dependent on MSH2 orMSH3 for optimal 

gene repair activity. 



A. Oligonucleotide Plasmid 



Extract 



kan r colonies 



DC(3S/25G) 

X (6S/25G) 

DC 

X 

K 

X 

DC 

X 



HUH7 
HUH7 
MEF2" / ' 



MEF2' 



rl- 

MEF3' / - 

MEF* 7 * 
MEF** 
MEF2" / " 
MEF3 V " 
MEF* /+ 



637 

836 

781 

676 

582 

530 

332 

497 

10 

5 

14 



Chimeric oligonucleotide (1.5 ug) or modified single-stranded oligonucleotide (0.55 ug) 
was incubated with lug of plasmid pK 8 m4021 and 20ug of the indicated extracts. MEF 
represents mouse embryonic fibroblasts with either MSH2 (2 V *) or MSH3 (3 V ") deleted. 
MEF'**' indicates wild-type mouse embryonic fibroblasts. The other reaction components 
were then added and processed through the bacterial readout system. The data represent the 
number of kanamycin resistant colonies per 10 6 ampicillin resistant colonies. 



WO 01/73002 



-29- 



PCT/US01/09761 



Table ffl 

Frameshift mutation repair is directed by single-stranded oligonucleotides 



Oligonucleotide Plasmid Extract tet r colonies 

Tet IX (3S/25A; 0.5 jig) pT^OS (lug) - 0 

20jig 0 

Tet IX (0.5 |ag) 48 

Tet DC (1.5 ng) 130 

Tet IX (2.0 jig) 68 

Tet I (chimera; 1.5 yg) ▼ t 48 

Each reaction mixture contained the indicated amounts of plasmid and oligonucleotide. 

The extract used for these experiments came from HUH7 cells. The data represent the 

number of tetracycline resistant colonies per 10 6 ampicillin resistant colonies generated 

from the same reaction and is the average of 3 independent experiments. Tet I is a 

chimeric oligonucleotide and Tet IX is a modified single-stranded oligonucleotide that 

are designed to insert a T residue at position 208 of pT^OS. These oligonucleotides are 

equivalent to structures I and DC in Figure 2. 
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Table IV 

Plant cell-free, extracts support gene repair by single-stranded oligonucleotides 
Oligonucleotide Plasmid 



II (chimera) 
K(3S/25G) 
X(6S/25G) 

II 

IX 

X 



DC 
X 



pK s m4021 



Extract 


kan r colonies 


30^g Canola 


337 


Canola 


763 


Canola 


882 


Musa 


203 


Musa 


343 


Musa 


746 


Canola 


0 


Musa 


0 


- Canola 


0 


- Musa 


0 



Canola or Musa cell-free extracts were tested for gene repair activity on the kanamycin- 
sensitive gene as previously described in (18). Chimeric oligonucleotide II (1.5 \xg) and 
modified single-stranded oligonucleotides DC and X (0.55|ig) were used to correct 
pK s m4021. Total number of kan r colonies are present per 10 7 ampicillin resistant 
colonies and represent an average of four independent experiments. 
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EXAMPLE 2 
Yeast Cell Targeting Assay Method for Base 
Alteration and Preferred Oligonucleotide Selection 

In this example, single-stranded oligonucleotides with modified backbones and double- 
hairpin oligonucleotides with chimeric, RNA-DNA backbones are used to measure gene repair using two 
episomal targets with a fusion between a hygromycin resistance gene and eGFP as a target for gene 
repair. These plasmids are pAURHYG(rep)GFP, which contains a point mutation in the hygromycin 
resistance gene (Figure 7), pAURHYG(ins)GFP, which contains a single-base insertion in the hygromycin 
resistance gene (Figure 7) and pAURHYG(A)GFP which has a single base deletion. We also use the 
plasmid containing a wild-type copy of the hygromycin-eGFP fusion gene, designated 
pAURHYG(wt)GFP, as a control. These plasmids also contain an aureobasidinA resistance gene. In 
pAURHYG(rep)GFP, hygromycin resistance gene function and green fluorescence from the eGFP protein 
are restored when a G at position 1 37, at codon 46 of the hygromycin B coding sequence, is converted to 
a C thus removing a premature stop codon in the hygromycin resistance gene coding region. In 
pAURHYG(ins)GFP, hygromycin resistance gene function and green fluorescence from the eGFP protein 
are restored when an A inserted between nucleotide positions 136 and 137, at codon 46 of the 
hygromycin B coding sequence, is deleted and a C is substituted for the T at position 137, thus correcting 
a frameshift mutation and restoring the reading frame of the hygromycin-eGFP fusion gene. 

We synthesize the set of three yeast expression constructs pAURHYG(rep)eGFP, 
pAURHYG(A)eGFP, p AURHYG(ins)eGFP, that contain a point mutation at nucleotide 1 37 of the 
hygromycin-B coding sequence as follows, (rep) indicates a T137-»G replacement, (A) represents a 
deletion of the G137 and (ins) represents an A insertion between nucleotides 136 and 137. We construct 
this set of plasmids by excising the respective expression cassettes by restriction digest from 
pHyg(x)EGFP and ligation into pAUR123 (Panvera, CA). We digest 10 pg pAUR123 vector DNA, as well 
as, 10 pg of each pHyg(x)EGFP construct with Kpnl and Sail (NEB). We gel purify each of the DNA 
fragments and prepare them for enzymatic ligation. We ligate each mutated insert into pHygEGFP vector 
at 3:1 molar ration using T4 DNA ligase (Roche). We screen clones by restriction digest, confirm by 
Sanger dideoxy chain termination sequencing and purify using a Qiagen maxiprep kit 

We use this system to assay the ability of five oligonucleotides (shown in Figure 8) to 
support correction under a variety of conditions. The oligonucleotides which direct correction of the 
mutation in pAURHYG(rep)GFP can also direct correction of the mutation in pAURHYG(ins)GFP. Three 
of the four oligonucleotides (HygE3T/25, HygE3T/74 and HygGG/Rev) share the same 25-base sequence 
surrounding the base targeted for alteration. HygGG/Rev is an RNA-DNA chimeric double hairpin 
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oligonucleotide of the type described in the prior art One of these oligonucleotides, HygE3T/74, is a 74- 
base oligonucleotide with the 25-base sequence centrally positioned. The fourth oligonucleotide, 
designated HygE3T/74a, is the reverse complement of HygE3T/74. The fifth oligonucleotide, designated 
Kan70T, is a non-specific, control oligonucleotide which is not complementary to the target sequence. 
Alternatively, an oligonucleotide of identical sequence but lacking a mismatch to the target or a completely 
thioate modified oligonucleotide or a completely 2-0-methylated modified oligonucleotide may be used as 
a control. 

Oligonucleotide synthesis and cells. We synthesized and purified the chimeric, double- 
hairpin oligonucleotides and single-stranded oligonucleotides (including those with the indicated 
modifications) as described in Example 1. Plasmids used for assay were maintained stably in yeast 
{Saccharomyces cerevisiae) strain LSY678 MATa at low copy number under aureobasidin selection. 
Plasmids and oligonucleotides are introduced into yeast cells by electroporation as follows: to prepare 
electrocompetent yeast cells, we inoculate 10 ml of YPD media from a single colony and grow the 
cultures overnight with shaking at 300 rpm at 30°C. We then add 30 ml of fresh YPD media to the 
overnight cultures and continue shaking at 30°C until the OD 600 was between 0.5 and 1.0 (3-5 hours). We 
then wash the cells by centrifuging at 4°C at 3000 rpm for 5 minutes and twice resuspending the cells in 
25 ml ice-cold distilled water. We then centrifuge at 4°C at 3000 rpm for 5 minutes and resuspend in 1 ml 
ice-cold 1M sorbitol and then finally centrifuge the cells at 4°C at 5000 rpm for 5 minutes and resuspend 
the cells in 1 20 pi 1M sorbitol. To transform electrocompetent cells with plasmids or oligonucleotides, we 
mix 40 pi of cells with 5 (jg of nucleic acid, unless otherwise stated, and incubate on ice for 5 minutes. 
We then transfer the mixture to a 0.2 cm electroporation cuvette and electroporate with a BIO-RAD Gene 
Pulser apparatus at 1 .5 kV, 25 pF, 200 Q for one five-second pulse. We then immediately resuspend the 
cells in 1 ml YPD supplemented with 1M sorbitol and incubate the cultures at 30°C with shaking at 300 
rpm for 6 hours. We then spread 200 (Jl of this culture on selective plates containing 300 pg/ml 
hygromycin and spread 200 (Jl of a 10 5 dilution of this culture on selective plates containing 500 ng/ml 
aureobasidinA and/or and incubate at 30°C for 3 days to allow individual yeast colonies to grow. We then 
count the colonies on the plates and calculate the gene conversion efficiency by determining the number 
of hygromycin resistance colonies per 10 5 aureobasidinA resistant colonies. 

FrameshOt mutations are repaired in yeast cells. We test the ability of the 
oligonucleotides shewn in Figure 8 to correct a frameshift mutation in vivo using LSY678 yeast cells 
containing the plasmid pAURHYG(ins)GFP. These experiments, presented in Table 6, indicate that these 
oligonucleotides can support gene correction in yeast cells. These data reinforce the results described in 
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Example 1 indicating that oligonucleotides comprising phosphorothioate linkages facilitate gene correction 
much more efficiently than control duplex, chimeric RNA-DNA oligonucleotides. This gene correction 
activity is also specific as transformation of cells with the control oligonucleotide Kan70T produced no 
hygromycin resistant colonies above background and thus Kan70T did not support gene correction in this 
system. In addition, we observe that the 74-base oligonucleotide (HygE3T/74) corrects the mutation in 
pAURHYG(ins)GFP approximately five-fold more efficiently than the 25-base oligonucleotide 
(HygE3T/25). We also perform control experiments with LSY678 yeast cells containing the plasmid 
pAURHYG(wt)GFP. With this strain we observed that even without added oligonucleotides, there are too 
many hygromycin resistant colonies to count 

We also use additional oligonucleotides to assay the ability of individual oligonucleotides 
to correct multiple mutations in the pAURHYG(x)eGFP plasmid; These include, for example, one that 
alters two basepairs that are 3 nucleotides apart is a 74-mer with the sequence 5 1 - 
CTCGTGCTTTCAGCTTCGATGTAGGAGGGCGTGGGTACGTCCTGCGGGTAAATAGCTGCGCCGATG 
GT7TCTAC-3 1 ; a 74-mer that alters two basepairs that are 1 5 nucleotides apart with the sequence 5- 
CTCGTGCTTTCAGCTTCGATGTAGGAGGGCGTGGATACGTCCTGCGGGTAAACAGCTGCGCCGATG 
GTTTCTAC-3'; and a 74-mer that alters two basepairs that are 27 nucleotides apart with the sequence 5- 
CTCGTGCTTTCAGCTTCGATGTAGGAGGGCGTGGATACGTCCTGCGGGTAAATAGCTGCGCCGACG 
GTTTCTAC. The nucleotides in these oligonucleotides that direct alteration of the target sequence are 
underlined and in boldface. These oligonucleotides are modified in the same ways as the other 
oligonucleotides of the invention. 

Oligonucleotides targeting the sense strand direct gene correction more efficiently. We 
compare the ability of single-stranded oligonucleotides to target each of the two strands of the target 
sequence of both pAURHYG(ins)GFP and pAURHYG(rep)GFP. These experiments, presented in Tables 
7 and 8, indicate that an oligonucleotide, HygE3T/74a, with sequence complementary to the sense 
strand (i.e. the strand of the target sequence that is identical to the mRNA) of the target sequence 
facilitates gene correction approximately ten-fold more efficiently than an oligonucleotide, HygE3T/74, 
with sequence complementary to the non-transcribed strand which serves as the template for the 
synthesis of RNA As indicated in Table 7, this effect was observed over a range of oligonucleotide 
concentrations from 0-3.6 ng, although we did observe some variability in the difference between the two 
oligonucleotides (indicated in Table 7 as a fold Terence between HygE3T/74cc and HygE3T/74). 
Furthermore, as shown in Table 8, we observe increased efficiency of correction by HygE3T/74a relative 
to HygE3T/74 regardless of whether the oligonucleotides were used to correct the base substitution 
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mutation in pAURHYG(rep)GFP or the insertion mutation in pAURHYG(ins)GFP. The data presented in 
Table 8 further indicate that the single-stranded oligonucleotides correct a base substitution mutation 
more efficiently than an insertion mutation. However, this last effect was much less pronounced and the 
oligonucleotides of the invention are clearly able efficiently to correct both types of mutations in yeast 
cells. In addition, the role of transcription is investigated using plasmids with inducible promoters such as 
that described in Figure 10. 

Optimization of oligonucleotide concentration. To determine the optimal concentration of 
oligonucleotide for the purpose of gene alteration, we test the ability of increasing concentrations of 
Hyg3T/74a to correct the mutation in pAURHYG(rep)GFP contained in yeast LSY678. We chose this 
assay system because our previous experiments indicated that it supports the highest level of correction. 
However, this same approach could be used to determine the optimal concentration of any given 
oligonucleotide. We test the ability of Hyg3T/74a to correct the mutation in pAURHYG(rep)GFP 
contained in yeast LSY678 over a range of oligonucleotide concentrations from 0-10.0 pg. As shown in 
Table 9, we observe that the correction efficiency initially increases with increasing oligonucleotide 
concentration, but then declines at the highest concentration tested. 

Tables are attached hereto. 



WO 01/73002 



-36- 



PCT/US01/09761 



Table 6 

Correction of an insertion mutation in pAURHYG(ins)GFP by HygGG/Rev, HygE3T/25 and HygE3T/74 



Oligonucleotide Tested 


Colonies on 


Colonies on 


Correction 




Hygromycin 


Aureobasidin (/10 s ) 


Efficiency 


HygGG/Rev 


3 


157 


0.02 


HygE3T/25 


64 


147 


0.44 


HygE3T/74 


280 


174 


1.61 


Kan70T 


0 







Table 7 

An oligonucleotide targeting the sense strand of the target sequence corrects more efficiently. 



Amount of Oligonucleotide (|jg) 


Colonies per hyg 


romycin plate 




HygE3T/74 


HygE3T/74a 


0 


0 


0 


0.6 


24 


128 (8.4x)* 


1.2 


69 


140 (7.5x)* 


2.4 


62 


167(3.8x)* 


3.6 


29 


367 (15x)* 



* The numbers in parentheses represent the fold increase in efficiency for targeting the non-transcribed 
strand as compared to the other strand of a DNA duplex that encodes a protein. 
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Table 8 

Correction of a base substitution mutation is more efficient than correction of a frame shift mutation. 



Oligonucleotide Tested (5 pg) 


Plasmid tested (contained in LSY678) 




pAURHYGfins)GFP 


pAURHYG(rep)GFP 


HygE3T/74 


72 


277 


HygE3T/74a 


1464 


2248 


Kan70T 


0 


0 



Table 9 

Optimization of oligonucleotide concentration in electroporated yeast cells. 



Amount (pg) 


Colonies on 


Colonies on 


Correction efficiency 




hygromycin 


aureobasidin (/10 s ) 




0 


0 


67 


0 


1.0 


5 


64 


0.08 


2.5 


47 


30 


1.57 


5.0 


199 


33 


6.08 


7.5 


383 


39 


9.79 


10.0 


191 


33 


5.79 



Example 3 
Cultured Cell Manipulation 

Mononuclear cells are isolated from human umbilical cord blood of normal donors using 
Ficoll Hypaque (Pharmacia Biotech, Uppsala, Sweden) density centrifugation. CD34+ cells are 
immunomagnetically purified from mononuclear cells using either the progenitor or Multisort Kits (Miltenyi 
Biotec, Auburn, CA). Lin~CD38~ cells are purified from the mononuclear cells using negative selection 
with StemSep system according to the manufacturer's protocol (Stem Cell Technologies, Vancouver, CA). 
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Cells used for microinjection are either freshly isolated or cryopreserved and cultured in Stem Medium (S 
Medium) for 2 to 5 days prior to microinjection. S Medium contains Iscoves 1 Modified Dulbecco's Medium 
without phenol red (IMDM) with 100 pg/ml glutamine/penicillin/streptomycin, 50 mg/ml bovine serum 
albumin, 50 pg/ml bovine pancreatic insulin, 1 mg/ml human transferrin, and IMDM; Stem Cell . 
Technologies), 40 pg/ml low-density lipoprotein (LDL; Sigma, St Louis, MO), 50 mM HEPEs buffer and 
50 jjM 2-mercaptoethanol, 20 ng/ml each of thrombopoietin, flt-3 ligand, stem cell factor and human IL-6 
(Pepro Tech Inc., Rocky Hill, N J). After microinjection, cells are detached and transferred in bulk into 
wells of 48 well plates for culturing. 

35 mm dishes are coated overnight at 4° C with 50 (jg/ml Fibronectin (FN) fragment CH- 
296 (Retronectin; TaKaRa Biomedicals, Panvera, Madison, Wl) in phosphate buffered saline and washed 
with IMDM containing glutamine/penicillin/streptomycin. 300 to 2000 cells are added to cloning rings and 
attached to the plates for 45 minutes at 37° C prior to microinjection. After incubation, cloning rings are 
removed and 2 ml of S Medium are added to each dish for microinjection. Pulled injection needles with a 
range of 0.22 p to 0.3 p outer tip diameter are used. Cells are visualized with a microscope equipped 
with a temperature controlled stage set at 37° C and injected using an electronically interfaced Eppendorf 
Micromanipulator and Transjector. Successfully injected cells are intact, alive and remain attached to the 
plate post injection. Molecules that are flourescently labeled allow determination of the amount of 
oligonucleotide delivered to the cells. 

For in vitro erythropoiesis from Lin~CD38~ cells, the procedure of Malik, 1998 can be 
used. Cells are cultured in ME Medium for 4 days and then cultured in E Medium for 3 weeks. 
Erythropoiesis is evident by glycophorin A expression as well as the presence of red color representing 
the presence of hemoglobin in the cultured cells. The injected cells are able to retain their proliferative 
capacity and the ability to generate myeloid and erythoid progeny. CD34+ cells can convert a normal A 
(3 A ) to sickle T (P s ) mutation in the (3-globin gene or can be altered using any of the oligonucleotides of 
the invention herein for correction or alteration of a normal gene to a mutant gene. Alternatively, stem 
cells can be isolated from blood of humans having genetic disease mutations and the oligonucleotides of 
the invention can be used to correct a defect or to modify genomes within those cells. 

Alternatively, non-stem cell populations of cultured cells can be manipulated using any 
method known to those of skill in the art including, for example, the use of polycations, cationic lipids, 
liposomes, polyethylenlnine (PEI), electroporation, biolistics, calcium phophate precipitation, or any other 
' method known in the art 
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Notes on the tables presented below: 

Each of the following tables presents, for the specified human gene, a plurality of 
mutations that are known to confer a clinically-relevant phenotype and, for each mutation, the 
oligonucleotides that can be used to correct the respective mutation site-specifically in the human 
genome according to the present invention. 

The left-most column identifies each mutation and the clinical phenotype that the 
mutation confers. 

For most entries, the mutation is identified at both the nucleic acid and protein level. At 
the amino acid level, mutations are presented according to the following standard nomenclature. The 
centered number identifies the position of the mutated codon in the protein sequence; to the left of the 
number is the v/ild type residue and to the right of the number is the mutant codon. Codon numbering is 
according to the Human Gene Mutation Database, Cardiff, Wales, UK 
(http://archive.uwcm.ac.uk/search/mg/allgenes). Terminator codons are shown as "TERM". At the 
nucleic acid level, the entire triplet of the wild type and mutated codons is shown. 

The middle column presents, for each mutation, four oligonucleotides capable of 
repairing the mutation site-specifically in the human genome or in cloned human DNA including human 
DNA in artificial chromosomes, episomes, plasmids, or other types of vectors. The oligonucleotides of the 
invention, however, may include any of the oligonucleotides sharing portions of the sequence of the 
121 base sequence. Thus, oligonucleotides of the invention for each of the depicted targets may be 18, 
19, 20 up to about 121 nucleotides in length. Sequence may be added non-symmetrically. 

All oligonucleotides are presented, per convention, in the 5* to 3' orientation. The 
nucleotide that effects the change in the genome is underlined and presented in bold. 

The first of the four oligonucleotides for each mutation is a 1 21 nt oligonucleotide 
centered about the repair nucleotide. The second oligonucleotide, its reverse complement, targets the 
opposite strand of the DNA duplex for repair. The third oligonucleotide is the minimal 1 7 nt domain of the 
first oligonucleotide, also centered about the repair nucleotide. The fourth oligonucleotide is the reverse 
complement of the third, and thus represents the minimal 1 7 nt domain of the second. 

The third column of each table presents the SEQ ID NO: of the respective repair 

oligonucleotide. 
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EXAMPLE 4 

Adenosine Deaminase (ADA) 

Adenosine deaminase (ADA, EC 3.5.4.4) catalyses the deamination of adenosine and 
2-deoxyadenosine to inosine or 2'-deoxyinosine respectively. ADA deficiency has been identified as the 
metabolic basis for 20-30% of cases with recessively inherited severe combined immunodeficiency 
(SCID). Affected infants are subject to recurrent chronic viral, fungal, protozoal, and bacterial infections 
and frequently present with persistent diarrhea, failure to thrive and candidiasis. In patients homozygous 
for ADA deficiency, 2'-deoxyadenosine accumulating during the rapid turnover of cells rich in DNA is 
converted back to dATP, either by adenosine kinase or deoxycytidine kinase. Many hypotheses have 
been advanced to explain the specific toxicity to the immune system in ADA deficiency. The apparently 
selective accumulation of dATP in thymocytes and peripheral blood B cells, with resultant inhibition of 
ribonucleotide reductase and DNA synthesis is probably the principal mechanism. 

The structural gene for ADA is encoded as a single 32 kb locus containing 12 exons. 
Studies of the molecular defect in ADA-deficient patients have shown that mRNA is usually detectable in 
normal or supranormal amounts. Specific base substitution mutations have been detected in the majority 
of cases with the complete deficiency. A C-to-T base substitution mutation in exon 1 1 accounts for a high 
proportion of these, whilst a few patients are homozygous for large deletions encompassing exon I. A 
common point mutation resulting in a heat-labile ADA has been characterised in some patients with partial 
ADA deficiency, a disorder with an apparently increased prevalence in the Caribbean. 

As yet no totally effective therapy for ADA deficiency has been reported, except in those 
few cases where bone marrow from an HLA/MLR compatible sibling donor was available. 

Two therapeutic approaches have provided long-term benefit in specific instances. First, 
reconstitution using T cell depleted mismatched sibling marrow has been encouraging, particularly in 
early presenters completely deficient in ADA. Secondly, therapy with polyethylene glycol-modified 
adenosine deaminase (PEG-ADA) for more than 5 years has produced a sustained increase in 
lymphocyte numbers and mitogen responses together with evidence of in vivo B cell function. Success 
has generally been achieved in late presenters with residual ADA activity in mononuclear cells. 

ADA deficiency has been chosen as the candidate disease for gene replacement therapy 
and the first human experiment commenced in 1 990. The clinical consequences of overexpression of 
ADA activity - one of the potential hazards of gene implant - are known and take the form of an hereditary 
haemolytic anaemia associated with a tissue-specific increase in ADA activity. The genetic basis for the 
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latter autosomal dominant disorder seemingly relates to markedly increased levels of structurally normal 
ADA mRNA. 



Table 10 

ADA Mutations and Genome-Correcting Olig os 



Clinical Pfienotype & 
Mutation 


Correcting OBgos 

. - - . , . „ '•• „ , ' .. 


SEQ ID 

NO* 


Adenosine deaminase 
deficiency 
GLN3TERM 
CAGtoTAG 


AGAGACCCACCGAGCGGCGGCGGAGGGAGCAGCGCCGGGG 
CGCACGAGGGCACCATGGCC£AGACGCCCGCCTTCGACAAG 

ObUAAAO 1 oAouououoOoooooO i UUouoonUouooo 1 U 


1 


ft a c s r K f x rc K ftTrr*rrftft a ftrrrrcftrftpftrftrTr a rTrrnftn 

oAbLfOUUo 1 bWOLfOoAoUUbuUoV^oooLfOLr \ uAO 1 1 1 boo 

CTTGTCGAAGGCGGGCGTCTGGGCCATGGTGCCCTCGTGCG 
CCCCGGCGCTGCTCCCTCCGCCGCCGCTCGGTGGGTCTCT 


o 
c 


CCATGGCCCAGACGCCC 


3 


oooLro 1 0 1 oooUL/A 1 bo 


A 

4 


Adenosine deaminase 
deficiency 
HIS15ASP 
CAT to GAT 


TATTTGTTCTCTCTCTCCCTTTCTCTCTCTCTTCCCCCTGCCC 

CCTTGCAGGTAGAACTG£ATGTCCACCTAGACGGATCCATCA 
a ftorTft a a a atptt at a pt hTftnc* a ftftr a a ctpp 

AoUO 1 oAAAOUA 1 L> 1 1 A 1 Au 1 A 1 ooUAoo 1 AAo 1 KjKj 


5 


ft ft A PTTAPPT^PP AT A ftT ATA A ft ATT^fTTTTP AOrsrHTT^ AT^i/^ A 
ooAb 1 1 AOb 1 oOOA 1 Ao 1 A 1 AAoA 1 OO 1 1 l UAooLr 1 1 OA 1 ooA 

TCCGTCTAGGTGGACATGCAGTTCTACCTGCAAGGGGGCAG 
GGGGAAGAGAGAGAGAAAGGGAGAGAGAGAACAAATA 


0 


TAGAACTGCATGTCCAC 


7 


GTGGAHATGnAGTTrTA 

VJ 1 VJUAwn 1 1 twin 


q 
o 


Adenosine deaminase 
deficiency 
GLY20ARG 
GGAtoAGA 


TCCCTTTCTCTCTCTCTTCCCCCTGCCCCCTTGCAGGTAGAA 
CTGCATGTCCACCTAGACGGATCCATCAAGCCTGAAACCATC 
TTATACTATGGCAGGTAAGTCCATACAGAAGAGCCCT 


9 


AGGGCTCTTCTGTATGGACTTACCTGCCATAGTATAAGATGGT 

TTCAGGCTTGATGGATCCGTCTAGGTGGACATGCAGTTCTAC 

CTGCAAGGGGGCAGGGGGAAGAGAGAGAGAAAGGGA 


10 


ACCTAGACGGATCCATC 


11 


GATGGATCCGTCTAGGT 


12 


Adenosine deaminase 

deficiency 

GLY74CYS 


CCTGGAGCTCCCAAGGGACTTGGGGAAGGTTGTTCCCAACC 

CCTTTCTTCCCTTCCCAGGGGCTGCCGGGAGGCTATCAAAAG 

GATCGCCTATGAGTTTGTAGAGATGAAGGCCAAAGAGG 


13 



CiGCtO I GC 
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. Clinical Phenotype & 


- \ ; \ - - toiTecting50gos ^ ' : . 


;SEQ10; 




CCTCTTTGGCC7TCATCTCTACAAACTCATAGGCGATCCTTTT 
GATAGCCTCCCGGCAGCCCCTGGGAAGGGAAGAAAGGGGTT 
GGGAACMCCTTCCCCAAGTCCCTTGGGAGCTCCAGG 


14 


CTATCGCGGGCTGCCGG 


15 


OOoovAuuUuuUoA 1 Ao 


id 
10 


Adenosine Deaminase 
Deficiency 
ARG76TRP 
CGGtoTGG 


ou 1 UOuAAbouAL/ 1 1 ooovjAAbo 1 1 o II LULAAUUOLr 1 1 1 L 1 

TCCCTTCCCAGGGGCTGCC.GGGAGGCTATCAAAAGGATCGC 
CTATGAGTTTGTAGAGATGAAGGCCAAAGAGGGCGTGG 


17 


ccacgccctctttggccttcatctctacamctcataggcgat 

ccttttgatagcctcccggcagcccctgggmgggaagaaa 

ggggttgggaacmccttccccAagtcccttgggagc 


18 


GGGGCTGCCGGGAGGCT 


19 


AGLU1 GOLGGLAGCCCC 


20 


Adenosine Deaminase 
Deficiency 
LYS80ARG 
AAAtoAGA 


1 1 bbbbAAGGl iblTCCCAALCCC 1 1 1 CTTCCCTTCCCAGGG 
GCTGCCGGGAGGCTATCAAAAGGATCGCCTATGAGTTTGTAG 
AGATGAAGGCCAAAGAGGGCGTGGTGTATGTGGAGGT 


21 


ACCTCCACATACACCACGCCCTCTTTGGCCTTCATCTCTACAA 
ACTCATAGGCGATCCTTTTGATAGCCTCCCGGCAGCCCCTGG 
GAAGGGAAGAAAGGGGTTGGGAACAACCTTCCCCM 


22 


GGCTATCAAAAGGATCG 


23 


UoA 1 1 1 J. 1 uA 1 AVjOU 


Oil 

24 


Adenosine deaminase 
deficiency 
ALA83ASP 
GCCtoGAC 


\j 1 .1 V3 I 1 LfLrUAMLfLrLfU 1 1 1 U 1 1 AAA/ 1 1 L»UL»AooovjL» 1 bUUubb 

AGGCTATCAAAAGGATCGCCTATGAGTTTGTAGAGATGMGG 
CCAAAGAGGGCGTGGTGTATGTGGAGGTGCGGTACAG 




CTGTACCGCACCTCCACATACACCACGCCCTCTTTGGCCTTC 

ATCTCTACAAACTCATAGGCGATCCTTTTGATAGCCTCCCGGC 

AGCCCCTGGGAAGGGAAGAAAGGGGTTGGGAACMC 


26 


AAGGATCGCCTATGAGT 


27 


A PTP AT A ftCLrfl ATPPTT 
AO 1 OA 1 AouOo A 1 \ 1 




Adenosine deaminase 
deficiency 
TYR97CYS 
TATtoTGT 


AGGCTATCAAAAGGATCGCCTATGAGTTTGTAGAGATGAAGG 
CCAAAGAGGGCGTGGTGTATGTGGAGGTGCGGTACAGTCCG 
CACCTGCTGGCCAACTCCAAAGTGGAGCCAATCCCCTG 


29 


CAGGGGATTGGCTCCACTTTGGAGTTGGCCAGCAGGTGCGG 
ACTGTACCGCACCTCCACATACACCACGCCCTCTTTGGCCTT 
CATCTCTACAAACTCATAGGCGATCCTTTTGATAGCCT 


30 
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Clinical Pbenotype & 
: ^ Mutation- „ 


, .: . Correcting Ofagos;, : , ; 

■ _,u^_____ • 


. NO: 




CGTGGTGTATGTGGAGG 


31 


CCTCCACATACACCACG 


32 


Adenosine deaminase 
deficiency 

Mr\0 I U I OLrM 

CGGtoCAG 


GGATCGCCTATGAGTTTGTAGAGATGMGGCCAAAGAGGGCG 
TGGTGTATGTGGAGGTGCGGTACAGTCCGCACCTGCTGGCC 

AAPTPPAAAfTtnftAftPPAATPPPPTYSftAAPPAf^PTPA 
nnu 1 vvnnAo I VjoAo vvMA 1 v v v v 1 \30AAvvAoov 1 oA 


33 


TCAGCCTGGTTCCAGGGGATTGGCTCCACTTTGGAGTTGGCC 

AGCAGGTGCGGACTGTACCGCACCTCCACATACACCACGCC 

CTCTTTGGCCTTCATCTCTACAAACTCATAGGCGATCC 

v l v 1 l 1 vJvjwu i l \jf~\ 1 vl vl r\V/v\/\v 1 vn 1 nUVJvvn 1 v v 


34 


GGAGGTGCGGTACAGTC 


35 


GACTGTACCGCACCTCC 


36 


Adenosine deaminase 
deficiency 

ADPIfMI CI 1 
AKo lU ILtU 

CGGtoCTG 


GGATCGCCTATGAGTTTGTAGAGATGAAGGCCAAAGAGGGCG 
TGGTGTATGTGGAGGTGCGGTACAGTCCGCACCTGCTGGCC 

A A rTPP AAA f^Tf^O A A ATP P^PTPP A APPAPPPTPA 

AAv 1 0 vAAAo 1 bbAb L> oAA 1 u vvv 1 bbAAv^Abb v 1 bA 


37 


TCAGCCTGGTTCCAGGGGATTGGCTCCACTTTGGAGTTGGCC 

AGCAGGTGCGGACTGTACCGCACCTCCACATACACCACGCC 

CTCTTTGGCCTTCATCTCTACAAACTCATAGGCRATCC 

v i v i i i vjvjww i i i vi vi nvnnnv i vn i nuvjvun i v v 


38 


GGAGGTGCGGTACAGTC 


39 


GACTGTACCGCACCTCC 


40 


Adenosine deaminase 
deficiency 

ARftlMTRP 

CGGtoTGG 


AGGATCGCCTATGAGTTTGTAGAGATGAAGGCCAAAGAGGGC 
GTGGTGTATGTGGAGGTGCGGTACAGTCCGCACCTGCTGGC 

P A APTPP A A AOTflf! A PPP A ATPPPPTPfi A A PP A PPPTP 
vMAv 1 v vMMAo 1 bbAb v vAA 1 v v vv 1 bbAAv vAbbv 1 b 


41 


CAGCCTGGTTCCAGGGGATTGGCTCCACTTTGGAGTTGGCCA 

GCAGGTGCGGACTGTACCGCACCTCCACATACACCACGCCC 

TCTTTGGCCTTCATCTCTACAAACTCATAGGCGATCCT 


42 


TGGAGGTGCGGTACAGT 


43 


ACTGTACCGCACCTCCA 


44 


Adenosine deaminase 
deficiency 
PRO104LEU 
CCGtoCTG 


ATGAGTTTGTAGAGATGAAGGCCAAAGAGGGCGTGGTGTATG 

TGGAGGTGCGGTACAGTCCGCACCTGCTGGCCAACTCCAAA 

GTGGAGCCAATCCCCTGGAACCAGGCTGAGTGAGTGAT 


45 


ATCACTCACTCAGCCTGGTTCCAGGGGATTGGCTCCACTTTG 
GAGTTGGCCAGCAGGTGCGGACTGTACCGCACCTCCACATA 
CACCACGCCCTCTTTGGCCTTCATCTCTACAAACTCAT 


46 


GTACAGTCCGCACCTGC 


47 


GCAGGTGCGGACTGTAC 


48 
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CiinicaiPhenofype & 
Mutation ^ - 


. Correcting Ofigos 


MA. 


Adenosine deaminase 
deficiency 
LEU106VAL 
CTGtoGTG 


I 1 i w 1 AVJMVjM 1 OnnOuuur\nnljnOOOvv3 1 V3VJ lotnlbl OVjAo 

GTGCGGTACAGTCCGCACCTGCTGGCCAACTCCAAAGTGGA 
GCCAATCCCCTGGAACCAGGCTGAGTGAGTGATGGGCC 


AO 


GGCCCATCACTCACTCAGCCTGGTTCCAGGGGATTGGCTCCA 

CTTTGGAGTTGGCCAGCAGGTGCGGACTGTACCGCACCTCC 

ACATACACCACGCCCTCTTTGGCCTTCATCTCTACAAA 


50 


GTCCGCACCTGCTQGCC 


51 


n^pp a cpacctcpcc a p 


CO 


Adenosine deaminase 
deficiency 
LEU107PRO 
CTGtoCCG 


T A C A C ATC A A^P^ A A AC Afi^nrOTPrTPTATPTPP A PPTP 
1 AvjAoA 1 oAAooUUAAAvjAvvjoOo 1 bvj 1 Kj I A 1 0 1 obAbu 1 0 

CGGTACAGTCCGCACCTGCTGGCCAACTCCAAAGTGGAGCG 1 
AATCCCCTGGAACCAGGCTGAGTGAGTGATGGGCCTGGA 


00 


TCCAGGCCCATCACTCACTCAGCCTGGTTCCAGGGGATTGGC 

TCCACTTTGGAGTTGGCCAGCAGGTGCGGACTGTACCGCAC 

CTCCACATACACCACGCCCTCTTTGGCCTTCATCTCTA 


54 


GCACCTGCIGGCCAACT 


55 


acttccpp a cp a cctpp 

no 1 1 oblfUAoUAob 1 bU 




Adenosine deaminase 
deficiency 
PR0126GLN 
CCAtoCAA 


CPPTTPP MM CPPTP A rX^HrP ATP PPT A PTPPTPTPPTP A P 

ACAGAGGGGACCTCACCCCAGACGAGGTGGTGGCCCTAGTG 
GGCCAGGGCCTGCAGGAGGGGGAGCGAGACTTCGGGGT 




ACCCCGAAGTCTCGCTCCCCCTCCTGCAGGCCCTGGCCCAC 
TAGGGCCACCACCTCGTCTGGGGTGAGGTCCCCTCTGTGTG 
AGGAGAGGAGTAGGGATGGGCCTGAGGCAAAAGGAAGGC 


58 


CCTCACCCCAGACGAGG 


59 


WW 1 \j\3 1 1 130V30 1 UAUO 


fin 

QU 


Adenosine deaminase 
deficiency 
VAL129MET 
GTGtoATG 


1 1 1 vvw 1 wrtVJOwwOrt 1 www 1 rtw 1 ww 1 w 1 ww 1 wrtwAwrtVjrtOOO 

GACCTCACCCCAGACGAGGTGGTGGCCCTAGTGGGCCAGGG 
CCTGCAGGAGGGGGAGCGAGACTTCGGGGTCAAGGCCC 


R1 

0 1 


GGGCCTTGACCCCGAAGTCTCGCTCCCCCTCCTGCAGGCCC 
TGGCCCACTAGGGCCACCACCTCGTCTGGGGTGAGGTCCCC 
TCTGTGTGAGGAGAGGAGTAGGGATGGGCCTGAGGCAAA 


62 


CAGACGAGGTGGTGGCC 


63 


GGCCACCACCTCGTCTG 


64 
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Clinical PhenotypeA 
Mutation - > • 


\ Correcting Oiigos : 


SEQID 

NO: 


Adenosine deaminase 
deficiency 
GLY140GLU 
GGGtoGAG 


ACAGAGGGGACCTCACCCCAGACGAGGTGGTGGCCCTAGTG 
GGCCAGGGCCTGCAGGAGGGGGAGCGAGACTTCGGGGTCA 
AGGCCCGGTCCATCCTGTGCTGCATGCGCCACCAGCCCAG 


65 


CTGGGCTGGTGGCGCATGCAGCACAGGATGGACCGGGCCTT 
GACCCCGAAGTCTCGCTCCCCCTCCTGCAGGCCCTGGCCCA 
CTAGGGCCACCACCTCGTCTGGGGTGAGGTCCCCTCTGT 


66 


GCAGGAGGGGGAGCGAG 


67 


CTCGCTCCCCCTCCTGC 


68 


Adenosine deaminase 
deficiency 
ARG142GLN 
CGAtoCAA 


GGGACCTCACCCCAGACGAGGTGGTGGCCCTAGTGGGCCAG 

GGCCTGCAGGAGGGGGAGCGAGACTTCGGGGTCAAGGCCC 

GGTCCATCCTGTGCTGCATGCGCCACCAGCCCAGTGAGTA 


69 


TACTCACTGGGCTGGTGGCGCATGCAGCACAGGATGGACCG 
GGCCnGACCCCGAAGTCTCGCTCCCCCTCCTGCAGGCCCT 
GGCCCACTAGGGCCACCACCTCGTCTGGGGTGAGGTCCC 


70 


GGGGGAGCGAGACTTCG 


71 


CGAAGTCTCGCTCCCCC 


72 


Adenosine deaminase 
deficiency 
ARG142TERM 
CGAtoTGA 


GGGGACCTCACCCCAGACGAGGTGGTGGCCCTAGTGGGCCA 

GGGCCTGCAGGAGGGGGAGCGAGACTTCGGGGTCAAGGCC 

CGGTCCATCCTGTGCTGCATGCGCCACCAGCCCAGTGAGT 


73 


ACTCACTGGGCTGGTGGCGCATGCAGCACAGGATGGACCGG 
GCCTTGACCCCGAAGTCTCGCTCCCCCTCCTGCAGGCCCTG 
GCCCACTAGGGCCACCACCTCGTCTGGGGTGAGGTCCCC 


74 


AGGGGGAGCGAGACTTC 


75 


GAAGTCTCGCTCCCCCT 


76 


Adenosine deaminase 
deficiency 
ARG149GLN 
CGGtoCAG 


TGGTGGCCCTAGTGGGCCAGGGCCTGCAGGAGGGGGAGCG 
AGACTTCGGGGTCAAGGCCCGGTCCATCCTGTGCTGCATGC 
GCCACCAGCCCAGTGAGTAGGATCACCGCCCTGCCCAGGG 


77 


CCCTGGGCAGGGCGGTGATCCTACTCACTGGGCTGGTGGCG 

CATGCAGCACAGGATGGACCGGGCCTTGACCCCGAAGTCTC 

GCTCCCCCTCCTGCAGGCCCTGGCCCACTAGGGCCACCA 


78 


CAAGGCCCGGTCCATCC 


79 


GGATGGACCGGGCCTTG 


80 
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Clinical Phefldtype & 
Mutation 


■ 

, ? Correcting Oligos 


NO: 


Adenosine deaminase 
deficiency 
ARG149TRP 
CGGtoTGG 


GTGGTGGCCCTAGTGGGCCAGGGCCTGCAGGAGGGGGAGC 
GAGACTTCGGGGTCAAGGCCCGGTCCATCCTGTGCTGCATG 
CGCCACCAGCCCAGTGAGTAGGATCACCGCCCTGCCCAGG 


81 


CCTGGGCAGGGCGGTGATCCTACTCACTGGGCTGGTGGCGC 
ATGCAGCACAGGATGGACCGGGCCTTGACCCCGAAGTCTCG 

b 1 bbbbL I bb I bLAbbbOb I bbLbbAb I AbbbbLALLAL 


82 


TCAAGGCCCGGTCCATC 


83 


GATGGACCGGGCCTTGA 


84 


Adenosine deaminase 
deficiency 
LEU152MET 
CTGtoATG 


CTAGTGGGCCAGGGCCTGCAGGAGGGGGAGCGAGACTTCG 
GGGTCAAGGCCCGGTCCATCCTGTGCTGCATGCGCCACCAG 
CCCAGTGAGTAGGATCACCGCCCTGCCCAGGGCCGCCCGT 


85 


ACGGGCGGCCCTGGGCAGGGCGGTGATCCTACTCACTGGG 

CTGGTGGCGCATGCAGCACAGGATGGACCGGGCCTTGACCC 

Cb>\AGTCTCGCTCCCCCTCCTGCAGGCCCTGGCCCACTAG 


86 


GGTCCATCCTGTGCTGC 


87 


GCAGCACAGGATGGACC 


88 


Adenosine deaminase 
deficiency 
ARG156CYS 
CGCtoTGC 


GGCCTGCAGGAGGGGGAGCGAGACTTCGGGGTCAAGGCCC 
GGTCCATCCTGTGCTGCATGC_GCCACCAGCCCAGTGAGTAG 
GATCACCGCCCTGCCCAGGGCCGCCCGTCTCACCCTGGCC 


89 


GGCCAGGGTGAGACGGGCGGCCCTGGGCAGGGCGGTGATC 
CTACTCACTGGGCTGGTGGCGCATGCAGCACAGGATGGACC 

ooolO I I bAUUbl/bAAb 1 0 1 ObO I OubOb I bb I bbAbbbb 


90 


GCTGCATGCGCCACCAG 


91 


CTGGTGGCGCATGCAGC 


92 


Adenosine deaminase 
deficiency 

CGCtoCAC 


GCCTGCAGGAGGGGGAGCGAGACTTCGGGGTCAAGGCCCG 
GTCCATCCTGTGCTGCATGCGCCACCAGCCCAGTGAGTAGG 


93 


GGGCCAGGGTGAGACGGGCGGCCCTGGGCAGGGCGGTGAT 
CCTACTCACTGGGCTGGTGGCGCATGCAGCACAGGATGGAC 
CGGGCCTTGACCCCGAAGTCTCGCTCCCCCTCCTGCAGGC 


94 


CTGCATGCGCCACCAGC 


95 


GCTGGTGGCGCATGCAG 


96 
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Clinical Phenotype & 
t Mutation 


j ' Correcting Oligos , \ ■ 


NO: 


Adenosine deaminase 
deficiency 
VAL177MET 
GTGtoATG 


CTGCCCACAGACTGGTCCCCCAAGGTGGTGGAGCTGTGTAA 
GMGTACCAGCAGCAGACCGTGGTAGCCATTGACCTGGCTG 
GAGATGAGACCATCCCAGGAAGCAGCCTCTTGCCTGGAC 


97 


GTCCAGGCAAGAGGCTGCTTCCTGGGATGGTCTCATCTCCAG 

CCAGGTCAATGGCTACCACGGTCTGCTGCTGGTACTTCTTAC 

ACAGCTCCACCACCTTGGGGGACCAGTCTGTGGGCAG 


98 


AGCAGACCGTGGTAGCC 


99 


GGCTACCACGGTCTGCT 


100 


Adenosine deaminase 
deficiency 
ALA179ASP 
GCCtoGAC 


CAGACTGGTCCCCCAAGGTGGTGGAGCTGTGTAAGAAGTAC 
CAGCAGCAGACCGTGGTAGCCATTGACCTGGCTGGAGATGA 
GACCATCCCAGGAAGCAGCCTCTTGCCTGGACATGTCCA 


101 


TGGACATGTCCAGGCAAGAGGCTGCTTCCTGGGATGGTCTCA 
TCTCCAGCCAGGTCAATGGCTACCACGGTCTGCTGCTGGTAC 
TTCTTACACAGCTCCACCACCTTGGGGGACCAGTCTG 


102 


CGTGGTAGCCATTGACC 


103 


GGTCAATGGCTACCACG 


104 


Adenosine deaminase 
deficiency 
GLN199PRO 
CAGtoCCG 


CCATTGACCTGGCTGGAGATGAGACCATCCCAGGAAGCAGC 
CTCTTGCCTGGACATGTCCAGGCCTACCAGGTGGGTCCTGT 
GAGAAGGAATGGAGAGGCTGGCCCTGGGTGAGCTTGTCT 


105 


AGACAAGCTCACCCAGGGCCAGCCTCTCCATTCCTTCTCACA 
GGACCCACCTGGTAGGCCTGGACATGTCCAGGCAAGAGGCT 
GCTTCCTGGGATGGTCTCATCTCCAGCCAGGTCAATGG 


106 


ACATGTCCAGGCCTACC 


107 


GGTAGGCCTGGACATGT 


108 


Adenosine deaminase 
deficiency 
ARG211CYS 
CGTtoTGT 


GCTAGGGCACCCATGACCTGGCTCTCCCCCTTCCAGGAGGC 
TGTGAAGAGCGGCATTCACCGTACTGTCCACGCCGGGGAGG 
TGGGCTCGGCCGAAGTAGTAAAAGAGGTGAGGGCCTGGG 


109 


CCCAGGCCCTCACCTCTTTTACTACTTCGGCCGAGCCCACCT 
CCCCGGCGTGGACAGTACGGTGAATGCCGCTCTTCACAGCC 
TCCTGGAAGGGGGAGAGCCAGGTCATGGGTGCCCTAGC 


110 


GCATTCACCGTACTGTC 


111 


GACAGTACGGTGAATGC 


112 
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; CffnicalPteMrtype^ 
u Mutation ; 


t ' . ■ „ . 

. •: . , Correcting Oiigos .. 


NO: 


Adenosine deaminase 
deficiency 
ARG211HIS 
CGTtoCAT 


CTAGGGCACCCATGACCTGGCTCTCCCCCTTCCAGGAGGCT 
GTGAAGAGCGGCA7TCACCGTACTGTCCACGCCGGGGAGGT 
GGGCTCGGCCGAAGTAGTAAAAGAGGTGAGGGCCTGGGC 


113 


GCCCAGGCCCTCACCTCTTTTACTACTTCGGCCGAGCCCACC 
TCCCCGGCGTGGACAGTACGGTGAATGCCGCTCTTCACAGC 
L. 1 UUl GGMGGGGGAGAGCCAGGTCATGGGTGCCCTAG 


114 


CATTCACCGTACTGTCC 


115 


GGACAGTACGGTGAATG 


116 


Adenosine deaminase 
deficiency 
ALA215THR 
GCCtoACC 


ATGACCTGGCTCTCCCCCTTCCAGGAGGCTGTGAAGAGCGG 

CATTCACCGTACTGTCCACGCCGGGGAGGTGGGCTCGGCCG 

AAGTAGTAAMGAGGTGAGGGCCTGGGCTGGCCATGGGG 


117 


CCCCATGGCCAGCCCAGGCCCTCACCTCTTTTACTACTTCGG 
CCGAGCCCACCTCCCCGGCGTGGACAGTACGGTGAATGCCG 
CTCTTCACAGCCTCCTGGAAGGGGGAGAGCCAGGTCAT 


118 


CTGTCCACGCCGGGGAG 


119 


CTCCCCGGCGTGGACAG 


120 


Adenosine deaminase 
deficiency 
GLY216ARG 
GGGtoAGG 


ACCTGGCTCTCCCCCTTCCAGGAGGCTGTGAAGAGCGGCAT 

TCACCGTACTGTCCACGCCGGGGAGGTGGGCTCGGCCGAAG 

TAGTAAAAGAGGTGAGGGCCTGGGCTGGCCATGGGGTCC 


121 


GGACCCCATGGCCAGCCCAGGCCCTCACCTCTTTTACTACTT 
CGGCCGAGCCCACCTCCCCGGCGTGGACAGTACGGTGAATG 
VA/Gt/ lull LAUAGUU 1 1 GGAAGGGGGAGAGCCAGGT 


122 


TCCACGCCGGGGAGGTG 


123 


CACCTCCCCGGCGTGGA 


124 


Adenosine deaminase 
deficiency 

0\ I 19171 YQ 

GAG to AAG 


TGGCTCTCCCCCTTCCAGGAGGCTGTGAAGAGCGGCATTCA 
CCGTACTGTCCACGCCGGGGAGGTGGGCTCGGCCGAAGTAG 

1 AMMAoAoo 1 VjAVjooUO i bbuO 1 boUOA 1 boob 1 lAsU 1 U 


125 


GAGGGACCCCATGGCCAGCCCAGGCCCTCACCTCTTTTACTA 
CTTCGGCCGAGCCCACCTCCCCGGCGTGGACAGTACGGTGA 
ATGCCGCTCTTCACAGCCTCCTGGAAGGGGGAGAGCCA 


126 


ACGCCGGGGAGGTGGGC 


127 


GCCCACCTCCCCGGCGT 


128 
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Clinical Phenotype& 
Mutation- 


Correcting Ohgos 

: • ■ • , - * . 




Adenosine deaminase 
deficiency 
THR233ILE 
ACAtoATA 


CTGCCTCCTCCCATACTTGGCTCTATTCTGCTTCTCTACAGGC 

TGTGGACATACTCMGACAGAGCGGCTGGGACACGGCTACC 

ACACCCTGGAAGACCAGGCCCTTTATAACAGGCTGCG 


129 


CGCAGCCTGTTATAAAGGGCCTGGTCTTCCAGGGTGTGGTAG 
CCGTGTCCCAGCCGCTCTGTCTTGAGTATGTCCACAGCCTGT 
AGAGAAGCAGAATAGAGCCAAGTATGGGAGGAGGCAG 


130 


ACTCAAGACAGAGCGGC 


131 


GCCGCTCTGTCTTGAGT 


132 


Adenosine deaminase 
deficiency 
ARG253PRO 
CGGtoCCG 


CAGAGCGGCTGGGACACGGCTACCACACCCTGGAAGACCAG 
GCCCTTTATAACAGGCTGCGGCAGGAAAACATGCACTTCGAG 
GTAAGCGGGCCAGGGAGTGGGGAGGAACCATCCCCGGC 


133 


GCCGGGGATGGTTCCTCCCCACTCCCTGGCCCGCTTACCTC 
GMGTGCATGI 1 1 1 CCTGCCGCAGCCTGTTATAAAGGGCCTG 
GTCTTCCAGGGTGTGGTAGCCGTGTCCCAGCCGCTCTG 


134 


CAGGCTGCGGCAGGAAA 


135 


TTTCCTGCCGCAGCCTG 


136 


Adenosine deaminase 
deficiency 
GLN254TERM 
CAGtoTAG 


GAGCGGCTGGGACACGGCTACCACACCCTGGMGACCAGGC 
CCTTTATAACAGGCTGCGGCAGGAAAACATGCACTTCGAGGT 
AAGCGGGCCAGGGAGTGGGGAGGAACCATCCCCGGCTG 


137 


CAGCCGGGGATGGTTCCTCCCCACTCCCTGGCCCGCTTACC 
TCGAAGTGCATGI 1 1 1 CCTGCCGCAGCCTGTTATAAAGGGCC 
TGGTCTTCCAGGGTGTGGTAGCCGTGTCCCAGCCGCTC 


138 


GGCTGCGGCAGGAAAAC 


139 


GIIIICCIGCCGCAGCC 


140 


Adenosine deaminase 
deficiency 
PR0274LEU 
CCGtoCTG 


CCACACACCTGCTCTTCCAGATCTGCCCCTGGTCCAGCTACC 

TCACTGGTGCCTGGAAGCCGGACACGGAGCATGCAGTCATT 

CGGTGAGCTCTGnCCCCTGGGCCTGTTCAATTTTGTT 


141 


AACAAAATTGAACAGGCCCAGGGGAACAGAGCTCACCGAATG 

ACTGCATGCTCCGTGTCCGGCTTCCAGGCACCAGTGAGGTA 

GCTGGACCAGGGGCAGATCTGGAAGAGCAGGTGTGTGG 


142 


CTGGAAGCCGGACACGG 


143 


CCGTGTCCGGCTTCCAG 


144 
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::0nicalPhenotype^ 
Mutation " 


• \ Correcting Oligos r 


: seq ib; 

NO: 


Adenosine deaminase 
deficiency 

QPROQ1 1 CI 1 

TCGtoTTG 


GGAGGCTGATTCTCTCCTCCTCCCTCTTCTGCAGGCTCAAAA 
ATGACCAGGCTAACTACTCGCTCAACACAGATGACCCGCTCA 
TCTTCAAGTCCACCCTGGACACTGATTACCAGATGAC 


145 


gtcatctggtaatcagtgtccagggtggacttgaagatgagc 
gggtcatctgtgttgagcgagtagttagcctggtcatttttga 

f2Pr > Trjr'Ar2AAr2Ar2pr > ArT'ArT'Ar'A/™ > A ato Af^oT/>^ 
«w l u^MijAAUAblaoAbuAoliAbAGAAl OAbOCTCC 


146 


TAACTACTCGCTCAACA 


147 


tgttgagcgagtagtta 


148 


Adenosine deaminase 
deficiency 
PR0297GLN 
CCGtoCAG 


CCTCCCTCTTCTGCAGGCTCAAAAATGACCAGGCTAACTACT 
CGCTCAACACAGATGACCCGCTCATCTTCAAGTCCACCCTGG 
ACACTGATTACCAGATGACCAAACGGGACATGGGCTT 


149 


AAGCCCATGTCCCGTTTGGTCATCTGGTAATCAGTGTCCAGG 
GTGGACTTGAAGATGAGCGGGTCATCTGTGTTGAGCGAGTAG 
1 lAQaLOIbbTGAl 1 1 1 1 GAGCCTGCAGAAGAGGGAGG 


150 


AGATGACCCGCTCATCT 


151 


AGATGAGCGGGTCATCT 


152 


Adenosine deaminase 
deficiency 
LEU304ARG 
CTGtoCGG 


AAAATGACCAGGCTAACTACTCGCTCAACACAGATGACCCGC 

TCATCTTCAAGTCCACCCIGGACACTGATTACCAGATGACCAA 

ACGGGACATGGGCTTTACTGAAGAGGAGTTTAAAAG 


153 


CTTTTAAACTCCTCTTCAGTAAAGCCCATGTCCCGTTTGGTCA 
TCTGGTAATCAGTGTCCAGGGTGGACTTGAAGATGAGCGGGT 

C ATCTCZTCZTTft Af^PO, ACTA flTT A r k f k PTPr k TY N ATTTT 


154 


GTCCACCCTCGACACTG 


155 


CAGTGTCCAGGGTGGAC 


156 


Adenosine deaminase 
deficiency 
ALA329VAL 
C-to-T at base 1081 


GCCTTCTTTGTTCTCTGGTTCCATGTTGTCTGCCATTCTGGCC 

TTTCCAGAACATCAATGCGGCCAAATCTAGTTTCCTCCCAGAA 
GATGAAAAGAGGGARmTrTPRAPrTRr'TrTATAA 


157 


TTATAGAGCAGGTCGAGAAGCTCCCTCTTTTCATCTTCTGGGA 

GGAAACTAGATTTGGCCGCATTGATGTTCTGGAAAGGCCAGA 

ATGGCAGACAACATGGAACCAGAGAACAAAGAAGGC 


158 


CATCAATGCGGCCAAAT 


159 


ATTTGGCCGCATTGATG 1 


160 
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EXAMPLES 

P53 Mutations 

The p53 gene codes for a protein that acts as a transcription factor and serves as a key 
regulator of the cell cycle. Mutation in this gene is probably the most significant genetic change 
characterizing the transformation of cells from normalcy to malignancy. 

Inactivation of p53 by mutation disrupts the cell cycle which, in turn, sets the stage for 
tumor formation. Mutations in the p53 gene are among the most commonly diagnosed genetic disorders, 
occuring in as many as 50% of cancer patients. For some types of cancer, most notably of the breast 
lung and colon, p53 mutations are the predominant genetic alternations found thus far. These mutations 
are associated with genomic instability and thus an increased susceptibility to cancer. Some p53 lesions 
result in malignancies that are resistant to the most widely used therapeutic regimens and therefore 
demand more aggressive treatment 

That p53 is associated with different malignant tumors is illustrated in the Li-Fraumeni 
autosomal dominant hereditary disorder characterized by familial multiple tumors due to mutation in the 
p53 gene. Affected individuals can develop one or more tumors, including: brain (12%); soft-tissue 
sarcoma (12%); breast cancer (25%); adrenal tumors (1%); bone cancer (osteosarcoma) (6%); cancer of 
the lung, prostate, pancreas, and colon as well as lymphoma and melanoma can also occur. 

Certain of the most frequently mutated codons are codons 175, 248 and 273, however a 
variety of oligonucleotides are described below in the atttached table. 

Table 11 

p53 Mutations and Genome-Correcting Oliqos 



Clinical Phenotype& 
Mutation . 


Correcting OUgos 


SEQID 

NO: 


In 2 families with 
Li-Fraumeni 
syndrome, there was a 
C-to-T mutation at the 
first nucleotide of 
codon 248 which 
changed arginine 
tryptophan. 


GACTGTACCACCATCCACTACAACTACATGTGTAACAGTTCCT 
GCATGGGCGGCATGAACCGGAGGCCCATCCTCACCATCATC 
ACACTGGAAGACTCCAGGTCAGGAGCCACTTGCCACC 


161 


GGTGGCAAGTGGCTCCTGACCTGGAGTCTTCCAGTGTGATGA 

TGGTGAGGATGGGCCTCCGGTTCATGCCGCCCATGCAGGAA 

CTGTTACACATGTAGTTGTAGTGGATGGTGGTACAGTC 


162 


GCATGAACCGGAGGCCC 


163 
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Correcting Oligos < v " . 


SEQ1D 

NO: 




GGGCCTCCGGTTCATGC 


164 


In a family with the 
Li-Fraumeni 
syndrome, a G-to-A 
mutation at the first 
nucleotide of codon 
258 resulting in the 
substitution of lysine 
for glutamic acid. 


TGTAACAGTTCCTGCATGGGCGGCATGAACCGGAGGCCCAT 

CCTCACCATCATCACACTGGAAGACTCCAGGTCAGGAGCCAC 

TTGCCACCCTGCACACTGGCCTGCTGTGCCCCAGCCTC 


165 


GAGGCTGGGGCACAGCAGGCCAGTGTGCAGGGTGGCMGT 

GGCTCCTGACCTGGAGTCTTCCAGTGTGATGATGGTGAGGAT 

GGGCCTCCGGTTCATGCCGCCCATGCAGGMCTGTTACA 


166 


TCACACTGGMGACTCC 


167 


GGAGTCTTCCAGTGTGA 


168 


In a family with the 
Li-Fraumeni 
syndrome, a G-to-T 
mutation at 
the first nucleotide of 
codon 245 resulting in 
the substitution of 
cysteine for glycine. 


GTTGGCTCTGACTGTACCACCATCCACTACAACTACATGTGTA 

ACAGTTCCTGCATGGGCGGCATGAACCGGAGGCCCATCCTC 

ACCATCATCACACTGGAAGACTCCAGGTCAGGAGCCA 


169 


A gly245-to-ser, 
GGC-to-AGC, 
mutation was found in 
a patient in whom 
osteosarcoma was 
diagnosed at the age 
of 18 years. 


TGGCTCCTGACCTGGAGTCTTCCAGTGTGATGATGGTGAGGA 
TGGGCCTCCGGTTCATGCCGCCCATGCAGGAACTGTTACACA 
TGTAGTTGTAGTGGATGGTGGTACAGTCAGAGCCAAC 


170 




171 : 


GTTCATGCCGCCCATGC 


172 


In a family with the 
Li-Fraumeni 
syndrome, a germline 

iiiuLduon di touon lzl. 
aT-to-C change at the 
second position 
resulted in substitution 
of proline for leucine. 


TCCACTACAACTACATGTGTAACAGTTCCTGCATGGGCGGCA 
TGAACCGGAGGCCCATCCTCACCATCATCACACTGGAAGACT 
CCAGGTCAGGAGCCACTTGCCACCCTGCACACTGGCC 


173 


GGCCAGTGTGCAGGGTGGCAAGTGGCTCCTGACCTGGAGTC 
TTCCAGTGTGATGATGGTGAGGATGGGCCTCCGGTTCATGCC 
GCCCATGCAGGAACTGTTACACATGTAGTTGTAGTGGA 


174 


GCCCATCCTCACCATCA 


175 


TGATGGTGAGGATQGGC 


176 
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. ' ~ Mutation 


f V : • Correcting Oligos • : 


SEQID 
NO; 


Researchers analyzed 
for mutations in p53 
hepatocellular 
carcinomas from 
patients in Qidong, an 
area of high incidence 
in China, in which both 
hepatitis B virus and 
aflatoxin B1 are risk 
factors. Eight of 16 
tumors had a point 
mutation at the third 
base position ofcodon 
249. The G-to-T 
mutation atcodon 249 
led to a change from 
arginine to serine 
(AGGtoAGT). 


TACCACCATCCACTACAACTACATGTGTAACAGTTCCTGCATG 

GGCGGCATGAACCGGAGGCCCATCCTCACCATCATCACACT 

GGAAGACTCCAGGTCAGGAGCCACTTGCCACCCTGCA 


177 


TGCAGGGTGGCAAGTGGCTCCTGACCTGGAGTCTTCCAGTG 
TGATGATGGTGAGGATGGGCCTCCGGTTCATGCCGCCCATG 
CAGGAACTGTTACACATGTAGTTGTAGTGGATGGTGGTA 


178 


AACCGGAGGCCCATCCT 


179 




inn 


In cases of 
hepatocellular 
carcinoma in southern 
Africa, a G-to-T 

f III ■ WWj %m W 1 

substitution in codon 
157 resulting in a 
change from valine to 
phenylalanine. 


CTGGCCAAGACCTGCCCTGTGCAGCTGTGGGTTGATTCCACA 
CCCCCGCCCGGCACCCGCGTCCGCGCCATGGCCATCTACAA 
GCAGTCACAGCACATGACGGAGGTTGTGAGGCGCTGCC 


181 


GGCAGCGCCTCACAACCTCCGTCATGTGCTGTGACTGCTTGT 
AGATGGCCATGGCGCGGACGCGGGTGCCGGGCGGGGGTGT 
GGAATCAACCCACAGCTGCACAGGGCAGGTCTTGGCCAG 


182 


GCACCCGCGTCCGCGCC 


183 


GGCGCGGACGCGGGTGC 


184 


In a family with 
Li-Fraumeni in which 
noncancerous skin 
fibroblasts from 
affected individuals 
showed an unusual 
radiation-resistant 
phenotype, a point 
mutation in codon 245 
of the P53 gene. A 
change from GGCto 
GAC predicted 
substitution ofaspartic 
acid for glycine. 


TTGGCTCTGACTGTACCACCATCCACTACAACTACATGTGTAA 
CAGTTCCTGCATGGGCGGCATGAACCGGAGGCCCATCCTCA 
CCATCATCACACTGGAAGACTCCAGGTCAGGAGCCAC 


185 


GTGGCTCCTGACCTGGAGTCTTCCAGTGTGATGATGGTGAGG 
ATGGGCCTCCGGTTCATGCCGCCCATGCAGGAACTGTTACAC 
ATGTAGTTGTAGTGGATGGTGGTACAGTCAGAGCCAA 


186 


CATGGGCGGCATGAACC 


187 


GGTTCATGCCGCCCATG 


188 
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• C!imcaIPhenotype-&- 
■ Mutation \ 


| Cofrecting CMigos 


SEQID 
MO: 


in 2 of 8 families with 
Li-Fraumpni 

l»l 1 1 QUI 1 LCI II 

syndrome, a mutation 

CGG-to-CAG change 
resuming in substitution 
ofglutaminefor 


ACTGTACCACCATCCACTACAACTACATGTGTAACAGTTCCTG 
w\ 1 ValslaLtovjUA 1 oAAUUbbAbvaOGCATCLTCACCATCATCA 
CACTGGAAGACTCCAGGTCAGGAGCCACTTGCCACCC 


189 


GGGTGGCAAGTGGCTCCTGACCTGGAGTCTTCCAGTGTGAT 

GATGGTGAGGATGGGCCTCCGGTTCATGCCGCCCATGCAGG 

AACTGTTACACATGTAGTTGTAGTGGATGGTGGTACAGT 


190 


arginine. 


CATGAACCGGAGGCCCA 


191 




TGGGCCTCCGGTTCATG 


192 


In 9 members of an 
extended family with 
Li-Fraumeni 
syndrome, a germline 
mutation at codon 133 
(ATG-to-ACG), 
resulted in the 


CCCTGACTTTCAACTCTGTCTCCTTCCTCTTCCTACAGTACTC 

CCCTGCCCTCAACAAGAIGTT7TGCCAACTGGCCAAGACCTG 
CCCTGTGCAGCTGTGGGTTGATTCCArArrrrrnrr 


193 


GGCGGGGGTGTGGAATCAACCCACAGCTGCACAGGGCAGGT 
CTTGGCCAGTTGGCAAAACATCTTGTTGAGGGCAGGGGAGTA 
CTGTAGGAAGAGGAAGGAGACAGAGTTGAAAGTCAGGG 


194 


substitution of 
threonine for 
methionine (M133T), 
and completely 
cosegregated with the 
cancer syndrome. 


CAACAAGATGTTTTGCC 


195 


GGCAAAACATCTTGTTG 


196 


In 1 pedigree 
consistent with the 
Li-Fraumeni 
syndrome, a germline 
G-to-Ttransversionat 
codon 272 (valine to 
leucine) was found. 


TCTTGCTTCTCTTTTCCTATCCTGAGTAGTGGTAATCTACTGG 

GACGGAACAGCTTTGAGGTGCGTGTTTGTGCCTGTCCTGGGA 

GAGACCGGCGCACAGAGGAAGAGAATCTCCGCAAGA 


197 


TCTTGCGGAGATTCTCTTCCTCTGTGCGCCGGTCTCTCCCAG 
GACAGGCACAAACACGCACCTCAAAGCTGTTCCGTCCCAGTA 
GATTACCACTACTCAGGATAGGAAAAGAGAAGCAAGA 


198 




GCTTTGAGGTGCGTGTT 


199 




AACACGCACCTCAAAGC 


200 


Aser241-to-phe 
mutation due to a 
TCC-to-TTC change 
was found in a patient 
with hepatoblastoma 
and multiple foci of 


TTATCTCCTAGGTTGGCTCTGACTGTACCACCATCCACTACAA 
CTACATGTGTAACAGTTCCTGCATGGGCGGCATGAACCGGAG 
GCCCATCCTCACCATCATCACACTGGAAGACTCCAG 


201 


CTGGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCTCCG 
GTTCATGCCGCCCATGCAGGAACTGTTACACATGTAGTTGTA 
GTGGATGGTGGTACAGTCAGAGCCAACCTAGGAGATAA 


202 
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CImicaiPheflotype& 
, ' Mutation 


, Correcting Oiigos - 


NO: 




TAACAGTTCCTGCATGG 


203 


CCATGCAGGAACTGTTA 


204 


AnAAG-to-TAG 
change ofcodon 120, 
resulting in conversion 
from lysine to a stop 
codon, was found in a 
patient with 
osteosarcoma and 
adenocarcinoma of 
the lung at age 18 and 
brain tumor (glioma) at 
the age of 27. 


CAGAAAACCTACCAGGGCAGCTACGGTTTCCGTCTGGGCTTC 
TTGCATTCTGGGACAGCCAAGTCTGTGACTTGCACGGTCAGT 


205 


GGCATTGAAGTCTCATGGAAGCCAGCCCCTCAGGGCAACTG 

ACCGTGCAAGTCACAGACTTGGCTGTCCCAGAATGCAAGAAG 

CCCAGACGGAAACCGTAGCTGCCCTGGTAGGTTTTCTG 


206 


GGACAGCCAAGTCTGTG 


207 


CACAGACTTGGCTGTCC 


208 


A CGG-to-TGG 
change at codon 282, 
resulting in the 
substitution of 
tryptophan for argi- 
nine, was found in a 
patient who developed 
osteosarcoma at the 
age of 10 years. 


GGTAATCTACTGGGACGGAACAGCTTTGAGGTGCGTGTTTGT 
GCCTGTCCTGGGAGAGACCGGCGCACAGAGGAAGAGAATCT 
CCGCAAGAAAGGGGAGCCTCACCACGAGCTGCCCCCAG 


209 


CTGGGGGCAGCTCGTGGTGAGfiCTnCCCTTTCTTGCGRAGA 
TTCTCTTCCTCTGTGCGCCGGTCTCTCCCAGGACAGGCACAA 
ACACGCACCTCAAAGCTGTTCCGTCCCAGTAGATTACC 


C III 


GGAGAGACCGGCGCACA 


211 


TGTGCGCCGGTCTCTCC 


212 


In 5 of 6 anaplastic 
carcinomas of the 
thyroid and in an 
anaplastic carcinoma 
inyroia ceil line aku, a 
CGT-to-CAT mutation 
converted 
arginine-273 to 
histidine. 


GCTTCTCTTTTCCTATCCTGAGTAGTGGTAATCTACTGGGACG 
GAACAGCTTTGAGGTGCGTGTTTGTGCCTGTCCTGGGAGAGA 
CCGGCGCACAGAGGAAGAGAATCTCCGCAAGAAAGG 


213 


CCTTTCTTGCGGAGATTCTCTTCCTCTGTGCGCCGGTCTCTC 

CCAGGACAGGCACAAACACGCACCTCAAAGCTGTTCCGTCCC 

AGTAGATTACCACTACTCAGGATAGGAAAAGAGAAGC 


214 


TGAGGTGCGTGTTTGTG 


215 


CACAAACACGCACCTCA 


216 
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. . - ; Correcting Oligos " ' 


.SEQiD 
NO: 


A germline 

GGA-to-GTA mutation 
resulting in a change 
of 

glycine-325 to valine 
was found in a patient 
who had non-Hodgkin 
lymphoma diagnosed 
at age 17 and colon 
carcinoma at age 26. 


TCCTAGCACTGCCCAACAACACCAGCTCCTCTCCCCAGCCAA 
AGAAGAAACCACTGGATG6AGAATATTTCACCCTTCAGGTACT 
AAGTCTTGGGACCTCTTATCAAGTGGAAAGTTTCCA 


217 


TGGAAACTTTCCACTTGATAAGAGGTCCCAAGACTTAGTACCT 
GAAGGGTGAMTATTCTCCATCCAGTGGTTTCTTCTTTGGCTG 
GGGAGAGGAGCTGGTGTTGTTGGGCAGTGCTAGGA 


218 


ACTGGATGGAGAATATT 


219 


AATATTCTCCATCCAGT 


220 


CGC-CCC 
Arg-72toPro 
association with Lung 
cancer 


AATGGTTCACTGAAGACCCAGGTCCAGATGAAGCTCCCAGAA 
TGCCAGAGGCTGCTCCCCGCGTGGCCCCTGCACCAGCAGCT 
CCTACACCGGCGGCCCCTGCACCAGCCCCCTCCTGGCC 


221 


GGCCAGGAGGGGGCTGGTGCAGGGGCCGCCGGTGTAGGAG 
CTGCTGGTGCAGGGGCCACGCGGGGAGCAGCCTCTGGCATT 
CTGGGAGCTTCATCTGGACCTGGGTCTTCAGTGAACCATT 


222 


TGCTCCCCGCGTGGCCC 


223 


GGGCCACGCGGGGAGCA 


224 


CCG-CTG 
Pro-82toLeu 
Breast cancer 


AAGCTCCCAGAATGCCAGAGGCTGCTCCCCGCGTGGCCCCT 
GCACCAGCAGCTCCTACACCGGCGGCCCCTGCACCAGCCCC 
CTCCTGGCCCCTGTCATCTTCTGTCCCTTCCCAGAAAAC 


225 


GTTTTCTGGGAAGGGACAGAAGATGACAGGGGCCAGGAGGG 
GGCTGGTGCAGGGGCCGCCGGTGTAGGAGCTGCTGGTGCA 
bbbGCCACGCGGGGAGCAGCCTCTGGCATTCTGGGAGCTT 


226 


TCCTACACCGGCGGCCC 


227 


GGGCCGCCGGTGTAGGA 


228 


cCAA-TAA 
Gln-136toTerm 
Li-rraumeni synorome 


TTCAACTCTGTCTCCTTCCTCTTCCTACAGTACTCCCCTGCCC 
TCAACAAGATGI 1 1 1 GCCAACTGGCCAAGACCTGCCCTGTGC 
AvjL. 1 w 1 GGo 1 1 GA 1 1 UUAOAUOOOObWA.GGL.Al.L.0 


229 


GGGTGCCGGGCGGGGGTGTGGAATCAACCCACAGCTGCACA 
GGGCAGGTCTTGGCCAGTTGGCAAAACATCTTGTTGAGGGCA 
GGGGAGTACTGTAGGAAGAGGAAGGAGACAGAGTTGAA 


230 


TGTTTTGCCAACTGGCC 


231 


GGCCAGTTGGCAAAACA 


232 
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Clinical Phenotype & 
Mutation 


' Correcting Oiigoi - .. 


SEQID 
NO: 


TGC-TAC 
Cys-141 toTyr 


TCCTCTTCCTACAGTACTCCCCTGCCCTCAACAAGATGTTTTG 
CCAACTGGCCAAGACCtGCCCTGTGCAGCTGTGGGTTGATTC 


233 


GCCATGGCGCGGACGCGGGTGCCGGGCGGGGGTGTGGAAT 
CAACCCACAGCTGCACAGGGCAGGTCTTGGCCAGTTGGCAA 
AACATCTTGTTGAGGGCAGGGGAGTACTGTAGGAAGAGGA 


234 


CAAGACCTGCCCTGTGC 


235 


GCACAGGGCAGGTCTTG 


236 


aCCC-TCC 

Pro-151toSer 

Li-n duiiiciii byiiuromc 


AACAAGATGTTTTGCCAACTGGCCAAGACCTGCCCTGTGCAG 
CTGTGGGTTGATTCCACACCCCCGCCCGGCACCCGCGTCCG 

P(^PP ATY^fiPP ATPT A P A A fiP A flTP A P A f^P A P ATP A PPP 
UVjL/UM 1 oou OA 1 U 1 AUAAvjuAo 1 UALrAlJuALf A 1 oAl/OO 


237 


CCGTCATGTGCTGTGACTGCTTGTAGATGGCCATGGCGCGG 
ACGCGGGTGCCGGGCGGGGGTGTGGAATCAACCCACAGCT 
GCACAGGGCAGGTCTTGGCCAGTTGGCAAAACATCTTGTT 


238 


ATTCCACACCCCCGCCC 


239 


GGGCGGGGGTGTGGAAT 


240 


CCG-CTG 
Pro-152toLeu 

Arirprmrnrtiral 

carcinoma 


AGATGTTTTGCCAACTGGCCAAGACCTGCCCTGTGCAGCTGT 
GGGTTGAnCCACACCCCCGCCCGGCACCCGCGTCCGCGCC 

ATfiftPPATPTArAAf^AfTrPArAftrAPATfJArfifiArSflT 


241 


ACCTCCGTCATGTGCTGTGACTGCTTGTAGATGGCCATGGCG 
CGGACGCGGGTGCCGGGCGGGGGTGTGGAATCAACCCACA 
GCTGCACAGGGCAGGTCTTGGCCAGTTGGCAAAACATCT 


242 


CACACCCCCGCCCGGCA 


243 


TGCCGGGCGGGGGTGTG 


244 


GGC-GTC 

Gly-154toVal 

Glioblastoma 


TTTGCCAACTGGCCAAGACCTGCCCTGTGCAGCTGTGGGTTG 
AnCCACACCCCCGCCCGGCACCCGCGTCCGCGCCATGGCC 
ATCTACAAGCAGTCACAGCACATGAnRfiAfifiTTRTRAfi 


245 


CTCACAACCTCCGTCATGTGCTGTGACTGCTTGTAGATGGCC 
ATGGCGCGGACGCGGGTGCCGGGCGGGGGTGTGGAATCAA 
CCCACAGCTGCACAGGGCAGGTCTTGGCCAGTTGGCAAA 


246 


CCCGCCCGGCACCCGCG 


247 


CGCGGGTGCCGGGCGGG 


248 


CGC-CAC 
Arg-175toHis 
Li-Fraumeni syndrome 


CCCGCGTCCGCGCCATGGCCATCTACAAGCAGTCACAGCAC 
ATGACGGAGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTG 
CTCAGATAGCGATGGTGAGCAGCTGGGGCTGGAGAGACG 


249 
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CGTCTCTCCAGCCCCAGCTGCTCACCATCGCTATCTGAGCAG 
CGCTCATGGTGGGGGCAGCGCCTCACAACCTCCGTCATGTG 
CTGTGACTGCTTGTAGATGGCCATGGCGCGGACGCGGG 


250 


TGTGAGGCGCTGCCCCC 


251 






tGAG-AAG 
Glu-180toLys 
Li-Fraumeni syndrome 


AGGCGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGG 
TGAGCAGCTGGGGCTGGAGAGACGACAGGGCTGGTTGC 


ZOO 


GCAACCAGCCCTGTCGTCTCTCCAGCCCCAGCTGCTCACCAT 
CGCTATCTGAGCAGCGCTCATGGTGGGGGCAGCGCCTCACA 
ACCTCCGTCATGTGCTGTGACTGCTTGTAGATGGCCAT 


254 


CCCACCATGAGCGCTGC 


255 


OUrNOUOU 1 W\ 1 V30 I bob 


256 


gCGC-TGC 
Arg-181toCys 
Breast cancer 


^PPATPTAPAAf^PA^TPAPA^PAPATPApr^Aornnv^T/^A/'v^ 
oOuA 1 o 1 AvAAbUAb 1 L/AUAooAUA 1 bALbbAbb I 1 b 1 bAbb 

CGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGTGA 
GCAGCTGGGGCTGGAGAGACGACAGGGCTGGTTGCCCA 


OCT 

257 


TGGGCAACCAGCCCTGTCGTCTCTCCAGCCCCAGCTGCTCA 
CCATCGCTATCTGAGCAGCfiCTCATGGTGGGGGCAGCGCCT 
CACAACCTCCGTCATGTGCTGTGACTGCTTGTAGATGGC 


258 


ACCATGAGCGCTGCTCA 


259 


TGAGCAGrGPTrATRftT 




CGC-CAC 
Arg-81 to His 
Breast cancer 


CCATnTAnAAnPA^TPAPAr^PAPAT^AP^r^A^riTT^Tr^A^riP 

GCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGTGAG 
CAGCTGGGGCTGGAGAGACGACAGGGCTGGTTGCCCAG 




CTGGGCAACCAGCCCTGTCGTCTCTCCAGCCCCAGCTGCTC 
ACCATCGCTATCTGAGCAGCGeTCATGGTGGGGGCAGCGCC 
TCACAACCTCCGTCATGTGCTGTGACTGCTTGTAGATGG 


262 


CCATGAGCGCTGCTCAG 


263 


CTGAGCAGCGCTCATGG 


ZD*r 


CAT-CGT i 
His-193to Arg 
Li-Fraumeni syndrome 


CCAGGGTCCCCAGGCCTCTGATTCCTCACTGATTGCTCTTAG 
GTCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAGGAAATT 
TGCGTGTGGAGTATTTGGATGACAGAAACACTTTTCG 


265 


CGAAAAGTGTTTCTGTCATCCAAATACTCCACACGCAAATTTC 

CTTCCACTCGGATAAGATGCTGAGGAGGGGCCAGACCTAAGA 

GCAATCAGTGAGGMTCAGAGGCCTGGGGACCCTGG 


266 
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Clinical Phenotype & 
s Mutation ' 


______ ^ ■ . , i 

. : .. ' . : Correcting Oligos ; . . 


SEQID 
NO: 




I TCCTCAGCATCTTATCC 


267 


I GGATAAGATGCTGAGGA 


268 


cCGA-TGA 
Arg-196toTerm 
Adrenocortical 
carcinoma 


CCCAGGCCTCTGATTCCTCACTGATTGCTCTTAGGTCTGGCC 
CCTCCTCAGCATCTTATCCGAGTGGAAGGAAATTTGCGTGTG 
GAGTATTTGGATGACAGAAACACTTTTCGACATAGTG 


269 


CACTATGTCGAAAAGTGTTTCTGTCATCCAAATACTCCACACG 
CAAAT7TCCTTCCACTCGGATAAGATGCTGAGGAGGGGCCAG 
ACCTAAGAGCAATCAGTGAGGAATCAGAGGCCTGGG 


270 


ATCTTATCCGAGTGGAA 


271 


TTCCACTC5GATAAGAT 


272 


cAGA-TGA 
Arg-209toTerm 
Li-Fraumeni syndrome 


GCCCCTCCTCAGCATCTTATCCGAGTGGAAGGAAATTTGCGT 
GTGGAGTATTTGGATGACAGAAACACTTTTCGACATAGTGTG 
GTGGTGCCCTATGAGCCGCCTGAGGTCTGGTTTGCAA 


273 


TTGCAAACCAGACCTCAGGCGGCTCATAGGGCACCACCACA 

CTATGTCGAAAAGTGTTTCTGTCATCCAMTACTCCACACGCA 

AATTTCCTTCCACTCGGATAAGATGCTGAGGAGGGGC 


274 


TGGATGACAGAAACACT 


275 


AGTGTTTCTGTCATCCA 


276 


tCGA-TGA 
Arg-213toTerm 
Li-Fraumeni syndrome 


CATCTTATCCGAGTGGAAGGAAATTTGCGTGTGGAGTATTTG 
GATGACAGAMCACTTTTCGACATAGTGTGGTGGTGCCCTAT 
GAGCCGCCTGAGGTCTGGTTTGCAACTGGGGTCTCTG 


277 


CAGAGACCCCAGTTGCAAACCAGACCTCAGGCGGCTCATAG 

GGCACCACCACACTATGTCGAAAAGTGTTTCTGTCATCCAAAT 

ACTCCACACGCAAATTTCCTTCCACTCGGATAAGATG 


278 


ACACTTTTCGACATAGT 


279 


ACTATGTCGAAAAGTGT 


280 


gCCC-TCC 
Pro-219toSer 
Adrenocortical 
carcinoma 


GGAMTTTGCGTGTGGAGTATTTGGATGACAGAMCACTTTTC 

GACATAGTGTGGTGGTGCCCTATGAGCCGCCTGAGGTCTGG 

TTTGCAACTGGGGTCTCTGGGAGGAGGGGTTAAGGGT 


281 


ACCCTTAACCCCTCCTCCCAGAGACCCCAGTTGCAAACCAGA 
CCTCAGGCGGCTCATAGGGCACCACCACACTATGTCGAAAAG 
TGTrTCTGTCATCCAAATACTCCACACGCAAATrTCC 


282 


TGGTGGTGCCCTATGAG 


283 


CTCATAGGGCACCACCA 


284 
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Mutation 


, . Correcting Giigos ! - 


SEQ ID 

* NO- 


TAT-TGT 
Tyr-220toCys 
Li-Fraumeni syndrome 


ATTTGCGTGTGGAGTATTTGGATGACAGAAACACTTTTCGACA 

TAGTGTGGTGGTGCCCTATGAGCCGCCTGAGGTCTGGTTTG 

CAACTGGGGTCTCTGGGAGGAGGGGTTAAGGGTGGTT 


285 


AACCACCCTTAACCCCTCCTCCCAGAGACCCCAGTTGCAAAC 
CAGACCTCAGGCGGCTCAIAGGGCACCACCACACTATGTCG 
AAAAGTGTTTCTGTCATCCAAATACTCCACACGCAAAT 


286 


GGTGCCCTATGAGCCGC 


287 


GCGGCTCATAGGGCACC 


£.00 


cTCT-ACT 

Ser-227toThr 

Rhabdomyosarcoma 


CACAGGTCTCCCCAAGGCGCACTGGCCTCATCTTGGGCCTG 

TGTTATCTCCTAGGTTGGCTCTGACTGTACCACCATCCACTAC 

AACTACATGTGTAACAGTTCCTGeATGGGCGGCATGA 




TCATGCCGCCCATGCAGGAACTGTTACACATGTAGTTGTAGT 
GGATGGTGGTACAGTCAGAGCCMCCTAGGAGATAACACAG 
GCCCAAGATGAGGCCAGTGCGCCTTGGGGAGACCTGTG 


290 


AGGTTGGCICTGACTGT 


291 


ACAGTCAGAGCCAACCT 




cCAC-MC 

His-233toAsn 

Glioma 


GCACTGGCCTCATCTTGGGCCTGTGTTATCTCCTAGGTTGGC 
TCTGACTGTACCACCATCCACTACAACTACATGTGTAACAGTT 
CCTGCATGGGCGGCATGAACCGGAGGCCCATCCTCA 




TGAGGATGGGCCTCCGGTTCATGCCGCCCATGCAGGAACTG 
TTACACATGTAGTTGTAGTGGATGGTGGTACAGTCAGAGCCA 
ACCTAGGAGATAACACAGGCCCAAGATGAGGCCAGTGC 


294 


CCACCATCCACTACAAC 


295 


GTTGTAGTGGATGGTGG 


296 


cAAC-GAC 
Asn-235toAsp 
Adrenocortical 
carcinoma 


GCCTCATCTTGGGCCTGTGTTATCTCCTAGGTTGGCTCTGAC 

TGTACCACCATCCACTACAACTACATGTGTAACAGTTCCTGCA 

TGGGCGGCATGAACCGGAGGCCCATCCTCACCATCA 


297 


TGATGGTGAGGATGGGCCTCCGGTTCATGCCGCCCATGCAG 
GAACTGTTACACATGTAGTTGTAGTGGATGGTGGTACAGTCA 
GAGCCAACCTAGGAGATAACACAGGCCCAAGATGAGGC 


298 


TCCACTACAACTACATG 


299 


CATGTAGTTGTAGTGGA 


300 


AAC-AGC 

Asn-235toSer 

Rhabdomyosarcoma 


CCTCATCTTGGGCCTGTGTTATCTCCTAGGTTGGCTCTGACT 

GTACCACCATCCACTACAACTACATGTGTAACAGTTCCTGCAT 

GGGCGGCATGAACCGGAGGCCCATCCTCACCATCAT 


301 
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ATGATGGTGAGGATGGGCCTCCGGTTCATGCCGCCCATGCA 
GGAACTGTTACACATGTAGTTGTAGTGGATGGTGGTACAGTC 
AGAGCCAACCTAGGAGATAACACAGGCCCAAGATGAGG 


302 




CCACTACAACTACATGT 


303 




ACATGTAGTTGTAGTGG 


304 


ATCc-ATG 
iie-^oi to Met 
Glioma 


CATCCACTACAACTACATGTGTAACAGTTCCTGCATGGGCGG 

A A TO A A A A A A A AA AAA AT^AT^ A A A ATA ATA AAA AT A r» A A A A 

CATGAACCGGAGGCCCATCCTCACCATCATCACACTGGAAGA 
CTCCAGGTCAGGAGCCACTTGCCACCCTGCACACTGG 


305 




CCAGTGTGCAGGGTGGCAAGTGGCTCCTGACCTGGAGTC1T 
CCAGTGTGATGATGGTGAGGATGGGCCTCCGGTTCATGCCG 
CCCATGCAGGAACTGTTACACATGTAGTTGTAGTGGATG 


306 




AGGCCCATgCTCACCAT 


307 




ATGGTGAGGATGGGCCT 


308 


ACA-ATA 
Tnr-256 to He 
Glioblastoma 


ACATGTGTAACAGTTCCTGCATGGGCGGCATGAACCGGAGG 

AAA ATOOTA A A A ATA ATA AAA AT" A A A A A A ATA A A A ATA A A A A 

CCCATCCTCACCATCATCACACTGGAAGACTCCAGGTCAGGA 
GCCACTTGCCACCCTGCACACTGGCCTGCTGTGCCCCA 


309 




TGGGGCACAGCAGGCCAGTGTGCAGGGTGGCAAGTGGCTCC 
TGACCTGGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCT 
CCGGTTCATGCCGCCCATGCAGGAACTGTTACACATGT 


310 




CATCATCACACTGGAAG 


311 




CTTCCAGTGTGATGATG 


312 


CTG-CAG 
Leu-^57 to bin 
Li-Fraumeni syndrome 


TGTGTAACAGTTCCTGCATGGGCGGCATGAACCGGAGGCCC 

AT A ATA A A A ATA ATA AAA ATA A A AAA ATA A A A ATA A A A A AAA 

ATCCTCACCATCATCACACTGGAAGACTCCAGGTCAGGAGCC 
ACTTGCCACCCTGCACACTGGCCTGCTGTGCCCCAGCC 


313 




GGCTGGGGCACAGCAGGCCAGTGTGCAGGGTGGCAAGTGG 

CTCCTGACCTGGAGTCTTCCAGTGTGATGATGGTGAGGATGG 

GCCTCCGGTTCATGCCGCCCATGCAGGAACTGTTACACA 


314 




CATCACACTGGAAGACT 


315 




. AGTCTTCC AGTGTGATG 


316 


CTG-CCG 
Leu-265toPro 
Li-Fraumeni syndrome 


GACCTGATTTCCTTACTGCCTCTTGGTTCTCTTTTCCTATCCT 

GAGTAGTGGTAATCTACTGGGACGGAACAGCTTTGAGGTGCG 

TGTTTGTGCCTGTCCTGGGAGAGACCGGCGCACAGA 


317 




TCTGTGCGCCGGTCTCTCCCAGGACAGGCACAAACACGCAC 
CTCAAAGCTGTTCCGTCCCAGTAGATTACCACTACTCAGGAT 
AGGAAAAGAGAAGCAAGAGGCAGTAAGGAAATCAGGTC 


318 



WO 01/73002 



-62- 



PCT/US01/09761 



Clinical Phenotype & 
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Cortectina Olitjos 


SEQID 

NO; 




TAATCTACTGGGACGGA 


319 


TCCGTCCCAGTAGATTA 




gCGT-TGT 
Arg-273toCys 
Li-Fraumeni syndrome 


TGCnCTCTTTTCCTATCCTGAGTAGTGGTAATrTArTfirinAr 

* 1 1 vi wi ii i ww i n i w w i \jr\\j i Mw \ I rv\ 1 w | r\w 1 OOOnu 

GGMCAGCTTTGAGGTGCGTGTTTGTGCCTGTCCTGGGAGA 
GACCGGCGCACAGAGGAAGAGAATCTCCGCAAGAAAG 


70A 
I 


CTTTCTTGCGGAGATTCTCTTCCTCTGTGCGCCGGTCTCTCC 

CAGGACAGGCACAAACACGCACCTCAAAGCTGTTCCGTCCCA 

GTAGATTACCACTACTCAGGATAGGAAAAGAGAAGCA 


322 


TTGAGGTGCGTGTTTGT 


323 


ACAAACACGCACCTCAA 


70 A 


TGT-TAT 
Cys-275toTyr 
Li-Fraumeni syndrome 


CTTTTCCTATCCTGAGTAGTGGTAATPTArTfifiriArr^riAArA 

Willi WW 1 r\ l Ww 1 VjnV? 1 r\w 1 VJVJ 1 AVA 1 w 1 Aw 1 w OwMwwwMHwM 

GCTTTGAGGTGCGTGTTTGTGCCTGTCCTGGGAGAGACCGG 
CGCACAGAGGMGAGAATCTCCGCAAGAAAGGGGAGCC 




GGCTCCCCTTTCTTGCGGAGATTCTC7TCCTCTGTGCGCCGG 
TCTCTCCCAGGACAGGCACAAACACGCACCTCAAAGCTGTTC 
CGTCCCAGTAGATTACCACTACTCAGGATAGGAAAAG 


326 


GCGTGTTTGTGCCTGTC 


327 


GACAGGCACAAAPACGr 




CCT-CTT 
Pro-278toLeu 
Breast cancer 


TCnTGAGTAfiTn^TAATPTArT^fiArnnAAPAr^rTTTriAnr 1 

TGCGTGTTTGTGCCTGTCCTGGGAGAGACCGGCGCACAGAG 
GAAGAGAATCTCCGCAAGAAAGGGGAGCCTCACCACGA 




TCGTGGTGAGGCTCCCCTTTCTTGCGGAGATTCTCTTCCTCT 
GTGCGCCGGTCTCTCCCAGGACAGGCACAAACACGCACCTC 
AAAGCTGTTCCGTCCCAGTAGATTACCACTACTCAGGA 


330 


TGCCTGTCCTGGGAGAG 


331 


CTCTCCCAGGACAGGCA 

W 1 W 1 W W W/\W W/\W/»v*J\J w/» 


770 


AGA-AAA 

Arg-280toLys 

Glioma 


GTAGTGGTAATCTACTGGGArGGAAnAGrTTTGA^GT^rriT^ 

w i rvw i ww 1 r\T\ 1 W 1 Av 1 wwwAwwwrV*wAww I I I UnOO 1 www 1 w 

TTTGTGCCTGTCCTGGGAGAGACCGGCGCACAGAGGAAGAG 
AATCTCCGCAAGAAAGGGGAGCCTCACCACGAGCTGCC 


777 


GGCAGCTCGTGGTGAGGCTCCCCTTTCTTGCGGAGATTCTCT 

TCCTCTGTGCGCCGGTCTCTCCCAGGACAGGCACAAACACG 

CACCTCAAAGCTGTTGCGTCCCAGTAGATTACCACTAC 


334 


TCCTGGGAGAGACCGGC 


335 


GCCGGTCTCTCCCAGGA 


336 



WO 01/73002 



-63- 



PCT/US01/09761 



Clinical Phenotype & 
< Mutation , 
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Iseqid; 

HO;/ 


GAA-GCA 
Glu-286 to Ala 
Adrenocortical 
carcinoma 


GGAACAGCTTTGAGGTGCGTGTTTGTGCCTGTCCTGGGAGA 

GACCGGCGCACAGAGGAAGAGAATCTCCGCAAGAAAGGGGA 

GCCTCACCACGAGCTGCCCCCAGGGAGCACTAAGCGAGG 


337 


CCTCGCTTAGTGCTCCCTGGGGGCAGCTCGTGGTGAGGCTC 
CCCTTTCTTGCGGAGATTCTCTTCCTCTGTGCGCCGGTCTCT 
CCCAGGACAGGCACAAACACGCACCTCAAAGCTGTTCC 


338 


AGAGGAAGAGAATCTCC 


339 


GGAGATTCTCTTCCTCT 


340 


CGA-CCA 

Arg-306toPro 

Rhabdomyosarcoma 


AAGAGAATCTCCGCAAGAAAGGGGAGCCTCACCACGAGCTG 
CCCCCAGGGAGCACTAAGCGAGGTAAGCAAGCAGGACAAGA 
AGCGGTGGAGGAGACCAAGGGTGCAGTTATGCCTCAGAT 


341 


ATCTGAGGCATAACTGCACCCTTGGTCTCCTCCACCGCTTCT 

TGTCCTGCTTGCTTACCTCGCTTAGTGCTCCCTGGGGGCAGC 

TCGTGGTGAGGCTCCCCTTTCTTGCGGAGATTCTCTT 


342 


CACTAAGCGAGGTAAGC 


343 


GCTTACCTCGCTTAGTG 


344 


gCGA-TGA 
Arg-306toTerm 
Li-Fraumeni svndrome 

^1 I 1 WUI 1 IVI IP WFIIUI WIIIU 


GAAGAGAATCTCCGCAAGAAAGGGGAGCCTCACCACGAGCT 
GCCCCCAGGGAGCACTAAGCGAGGTAAGCAAGCAGGACAAG 
AAGCGGTGGAGGAGACCAAGGGTGCAGTTATGCCTCAGA 


345 


TCTGAGGCATAACTGCACCCTTGGTCTCCTCCACCGCTTCTT 

GTCCTGCTTGCTTACCTCGCTTAGTGCTCCCTGGGGGCAGCT 

CGTGGTGAGGCTCCCCTTTCTTGCGGAGATTCTCTTC 


346 


GCACTAAGCGAGGTAAG 


347 


CTTACCTCGCTTAGTGC 


348 


gCGC-TGC 

Arg-337toCys 

Osteosarcoma 


GGTACTGTGAATATACTTACTTCTCCCCCTCCTCTGTTGCTGC 
AGATCCGTGGGCGTGAGCGCTTCGAGATGTTCCGAGAGCTG 
AATGAGGCCTTGGAACTCAAGGATGCCCAGGCTGGGA 


349 


TCCCAGCCTGGGCATCCTTGAGTTCCAAGGCCTCATTCAGCT 
CTCGGAACATCTCGAAGCGCTCACGCCCACGGATCTGCAGC 
AACAGAGGAGGGGGAGAAGTAAGTATATTCACAGTACC 


350 


GGCGTGAGCGCTTCGAG 


351 


CTCGAAGCGCTCACGCC 


352 . 


CTG-CCG 
Leu-344toPro 
Li-Fraumeni syndrome 


CTCCCCCTCCTCTGTTGCTGCAGATCCGTGGGCGTGAGCGC 
TTCGAGATGTTCCGAGAGCTGAATGAGGCCTTGGAACTCAAG 
GATGCCCAGGCTGGGAAGGAGCCAGGGGGGAGCAGGGC 


353 
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\ " ^ . *. . % 


SEQiD 




GCCCTGCTCCCCCCTGGCTCCTTCCCAGCCTGGGCATCCTT 

GAGTTCCAAGGCCTCATTCAGCTCTCGGAACATCTCGMGCG 

CTCACGCCCACGGATCTGCAGCAACAGAGGAGGGGGAG 


354 


CCGAGAGCIGAATGAGG 


355 


CCTCATTCAGCTCTCGG 


356 



EXAMPLE 6 
beta globin 

Hemoglobin, the major protein in the red blood cell, binds oxygen reversibly and is 
responsible for the cells' capacity to transport oxygen to the tissues. In adults, the major hemoglobin is 
hemoglobin A, a tetrameric protein consisting of two identical alpha globin chains and two beta globin 
chains. Disorders involving hemoglobin are among the most common genetic disorders worldwide, with 
approximately 5% of the world's population being carriers for clinically important hemoglobin mutations. 
Approximately 300,000 severely affected homozygotes or compound heterozygotes are born each year. 

Mutation of the glutamic acid at position 7 in beta globin to valine causes sickle cell 
anemia, the clinical manifestations of which are well known. Mutations that cause absence of beta chain 
cause beta-zero-thalassemia. Reduced amounts of detectable beta globin causes beta-plus-thalassemia. 
For clinical purposes, beta-thalassemia is divided into thalassemia major (transfusion dependent), 
thalassemia intermedia (of intermediate severity), and thalassemia minor (asymptomatic). Patients with 
thalassemia major present in the first year of life with severe anemia; they are unable to maintain a 
hemoglobin level about 5 gm/dl. 

The beta-thalassemias were among the first human genetic diseases to be examined by 
means of recombinant DNA analysis. Baysal et al., Hemoglobin 19(3-4):213-36 (1995) and others 
provide a compendium of mutations that result in beta-thalassemia 

Hemoglobin disorders were among the first to be considered for gene therapy. 
Transcriptional silencing of genes transferred into hematopoietic stem cells, however, poses one of the 
most significant challenges to its success. If the transferred gene is not completely silenced, a 
progressive decline in gene expression is often observed. Position effect variegation (PEV) and silencing 
mechanisms may act on a transferred globin gene residing in chromatin outside of the normal globin 
locus during the important terminal phases of erythroblast development when globin transcripts normally 
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accumulate rapidly despite heterochromatization and shutdown of the rest of the genome. The attached 
table discloses the correcting oligonucleotide base sequences for the beta globin oligonucleotides of the 
invention. 



Table 12 

Beta Globin Mutations and Genome-Correcting Oliqos 



Clinical Phenotype*. 
Mutation \ 


Correcting Oligos ,. 


SEQID 

NO: 


Sickle Cell Anemia 
GLU-7-VAL 
GAG to GTG 


TCTGACACAACTGTGTTCACTAGCAACCTCAAACAGACACCA 
TGGTGCACCTGACTCCTGAGGAGAAGTCTGCCGTTACTGCC 
CTGTGGGGCAAGGTGAACGTGGATGAAGTTGGTGGTGA 


357 




TCACCACCAACTrcATCCACGTTrArrTTRrrrPArARfinrA 

GTAACGGCAGACTTCTCCTCAGGAGTCAGGTGCACCATGGT 

GTCTGTTTGAGGTTGCTAGTGAACACAGTTGTGTCAGA 


Tift 

000 




GACTCCTGAGGAGAAGT 


359 




ACTTCTCCTCAGGAGTC 


360 


Thalassaemia Beta 

MET-O-ARG 

ATGtoAGG 


CTATTGCTTACATTTGCTTCTGACACAACTGTGTTCACTAGCA 
ACCTCAAACAGACACCAIGGTGCACCTGACTCCTGAGGAGA 
AGTCTGCCGTTACTGCCCTGTGGGGCAAGGTGAACGT 


361 




ACGTTCACCTTGCCCCACAGGf5CARTAArttr;rARArTTPTr 
CTCAGGAGTCAGGTGCACCATGGTGTCTGTTTGAGGTTGCT 
AGTGAACACAGTTGTGTCAGAAGCAAATGTAAGCAATAG 






AGACACCATGGTGCACC 


363 




GGTGCACCATGGTGTCT 


364 


Thalassaemia Beta 

MET-O-ILE 

ATGtoATA 


TATTGCTTACATTTGCTTCTGACACAACTGTGTTCACTAGCAA 
CCTCAAACAGACACCATGGTGCACCTGACTCCTGAGGAGAA 
GTCTGCCGTTACTGCCCTGTGGGGCAAGGTGAACGTG 


365 




CACGTTCACCTTGCCCCACAGGGCAGTAACGGCAGACTTCT 
CCTCAGGAGTCAGGTGCACCATGGTGTCTGTTTGAGGTTGC 
TAGTGAACACAGTTGTGTCAGAAGCAAATGTAAGCAATA 


366 




GACACCATGGTGCACCT 


367 




AGGTGCACCATGGTGTC 


368 


Thalassaemia Beta 

MET-O-ILE 

ATGtoATT 


TATTGCTTACATTTGCTTCTGACACAACTGTGTTCACTAGCAA 
CCTCAAACAGACACCATGGTGCACCTGACTCCTGAGGAGAA 
GTCTGCCGTTACTGCCCTGTGGGGCAAGGTGAACGTG 


369 
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; Mutation 


■ 

■ 


SEQ ID 

NO: 




CACGTTCACCTTGCCCCACAGGGCAGTAACGGCAGACTTCT 
CCTCAGGAGTCAGGTGCACCATGGTGTCTGTTTGAGGTTGC 
TAGTGAACACAGTTGTGTCAGAAGCAAATGTAAGCAATA 


370 


GACACCATGGTGCACCT 


371 


AGGTGCACCATGGTGTC 


372 


Thalassaemia Beta 
MET-O-LYS 
ATG to MG 


CTATTGCnACATTTGCTTCTGACACAACTGTGTTCACTAGCA 
ACCTCAMCAGACACCATGGTGCACCTGACTCCTGAGGAGA 
AGTCTGCCGTTACTGCCCTGTGGGGCAAGGTGAACGT 


373 


ACGTTCACCTTGCCCCACAGGGCAGTAACGGCAGACTTCTC 
CTCAGGAGTCAGGTGCACCATGGTGTCTGTTTGAGGTTGCT 
AGTGAACACAGTTGTGTCAGAAGCAAATGTAAGCAATAG 


374 


AGACACCATGGTGCACC 


375 


GGTGCACCATGGTGTCT 


376 


Thalassaemia Beta 

MET-Q-THR 

ATGtoACG 


CTATTGCTTACATTTGCTTCTGACACAACTGTGTTCACTAGCA 
ACCTCAAACAGACACCATGGTGCACCTGACTCCTGAGGAGA 
AGTCTGCCGTTACTGCCCTGTGGGGCAAGGTGAACGT 


377 


ACGTTCACCTTGCCCCACAGGGCAGTAACGGCAGACTTCTC 
CTCAGGAGTCAGGTGCACCATGGTGTCTGTTTGAGGTTGCT 
AGTGAACACAGTTGTGTCAGAAGCAAATGTAAGCAATAG 


378 


AGACACCATGGTGCACC 


379 


GGTGCACCATGGTGTCT 


380 


Thalassaemia Beta 

MET-O-VAL 

ATGtoGTG 


TCTATTGCTTACATTTGCTTCTGACACAACTGTGTTCACTAGC 
AACCTCAAACAGACACCATGGTGCACCTGACTCCTGAGGAG 
AAGTCTGCCGTTACTGCCCTGTGGGGCAAGGTGAACG 


381 


CGTTCACCTTGCCCCACAGGGCAGTAACGGCAGACTTCTCC 
TCAGGAGTCAGGTGCACCATGGTGTCTGTTTGAGGTTGCTAG 

A A A A O TT OT ATH A A A /">^^ AAA ^r/"\T" a a a a t a a 

TGAACACAGTTGTGTCAGAAGCAAATGTAAGCAATAGA 


382 


CAGACACCATGGTGCAC 


383 


GTGCACCATGGTGTCTG 


384 


Thalassaemia Beta 

TRP-16-Term 

TGGtoTGA 


TCAAACAGACACCATGGTGCACCTGACTCCTGAGGAGAAGT 

CTGCCGTTACTGCCCTGTGGGGCAAGGTGAACGTGGATGAA 

GTTGGTGGTGAGGCCCTGGGCAGGTTGGTATCAAGGTTA 


385 


TAACCTTGATACCAACCTGCCCAGGGCCTCACCACCAACTTC 
ATCCACGTTCACCTTGCCCCACAGGGCAGTAACGGCAGACT 
TCTCCTCAGGAGTCAGGTGCACCATGGTGTCTGTTTGA 


386 



0 
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• 
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SEQID 

NO: 




GCCCTGTGGGGCAAGGT 


387 


ACCTTGCCCCACAGGGC 


388 


Thalassaemia Beta 

TRP-16-Term 

TGGtoTAG 


CTCAAACAGACACCATGGTGCACCTGACTCCTGAGGAGAAG 
TCTGCCGTTACTGCCCTGTGGGGCAAGGTGAACGTGGATGA 
AGTTGGTGGTGAGGCCCTGGGCAGGTTGGTATCAAGGTT 


389 


AACCTTGATACCAACCTGCCCAGGGCCTCACCACCAACTTCA 

TCCACGTTCACCTTGCCCCACAGGGCAGTAACGGCAGACTT 

CTCCTCAGGAGTCAGGTGCACCATGGTGTCTGTTTGAG 


390 


TGCCCTGTGGGGCAAGG 


391 


CCTTGCCCCACAGGGCA 


392 


Thalassaemia Beta 
LYS-18-Term 
AAG to TAG 


ACAGACACCATGGTGCACCTGACTCCTGAGGAGAAGTCTGC 
CGTTACTGCCCTGTGGGGCAAGGTGAACGTGGATGAAGTTG 
GTGGTGAGGCCCTGGGCAGGTTGGTATCAAGGTTACAAG 


393 


CTTGTAACCTTGATACCAACCTGCCCAGGGCCTCACCACCAA 

CTTCATCCACGTTCACCTTGCCCCACAGGGCAGTAACGGCA 

GACTTCTCCTCAGGAGTCAGGTGCACCATGGTGTCTGT 


394 


TGTGGGGCAAGGTGAAC 


395 


GTTCACCTTGCCCCACA 


396 


Thalassaemia Beta 
ASN-20-SER 
AAC to AGC 


CCATGGTGCACCTGACTCCTGAGGAGAAGTCTGCCGTTACT 

GCCCTGTGGGGCAAGGTGAACGTGGATGAAGTTGGTGGTGA 

GGCCCTGGGCAGGTTGGTATCAAGGTTACAAGACAGGTT 


397 


AACCTGTCTTGTAACCTTGATACCAACCTGCCCAGGGCCTCA 
CCACCAACTTCATCCACGTTCACCTTGCCCCACAGGGCAGTA 
ACGGCAGACTTCTCCTCAGGAGTCAGGTGCACCATGG 


398 


CAAGGTGAACGTGGATG 


399 


CATCCACGTTCACCTTG 


400 


Thalassaemia Beta 

GLU-23-ALA 

GAAtoGCA 


ACCTGACTCCTGAGGAGAAGTCTGCCGTTACTGCCCTGTGG 
GGCAAGGTGAACGTGGATGAAGTTGGTGGTGAGGCCCTGG 
GCAGGTTGGTATCAAGGTTACAAGACAGGTTTAAGGAGAC 


401 


GTCTCCTTAAACCTGTCTTGTAACCTTGATACCAACCTGCCC 

AGGGCCTCACCACCAACTTCATCCACGTTCACCTTGCCCCAC 

AGGGCAGTAACGGCAGACTTCTCCTCAGGAGTCAGGT 


402 


CGTGGATGAAGTTGGTG 


403 


CACCAACTTCATCCACG 


404 
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Qiniea1Phenotype& 




SEQ ID 


Thalassaemia Beta 

GLU-23-term 

GAAtoTAA 


PAPPTfiAPTPPTftAftftAftAAf^TPTrSPPriTTAPTfiPPPTPTP 

GGGCAAGGTGAACGTGGATGMGTTGGTGGTGAGGCCCTG 
GGCAGGTTGGTATCAAGGTTACAAGACAGGTTTAAGGAGA 




TCTCCTTAAACCTGTCTTGTAACCTTGATACCAACCTGCCCA 

GGGCCTCACCACCAACTTCATCCACGTTCACCTTGCCCCACA 

GGGCAGTAACGGCAGACTTCTCCTCAGGAGTCAGGTG 


406 


ACGTGGATGAAGTTGGT 


407 


APP A A PTTP ATPP APfTT 


A no 

408 


Thalassaemia Beta 

GLU-27-LYS 

GAGtoAAG 


ntftCZLft AAfiAPTY^PTYiTPA ATPPPPTPTY2PPPPA A Af^T/^A A 

CGTGGATGCAGTTGGTGGTGAGGCCCTGGGCAGGTTGGTAT 
CAAGGTTATAAGAGAGGCTCAAGGAGGCAAATGGAAACT 


409 


AGTTTCCATTTGCCTCCTTGAGCCTCTCTTATAACCTTGATAC 
CAACCTGCCCAGGGCCTCACCACCMCTGCATCCACGTTCA 
CTTTGCCCCACAGGGCATTGACAGCAGTCTTCTCCTC 


410 


TTGGTGGTGAGGCCCTG 


411 


PAft^ifSPPTPAPPAPPAA 


A A 1 

412 


Thalassaemia Beta 
GLU-27-Term 
GAG to TAG 


f^ArSf^AfiAAfiAPTf^PTT^TPA ATPPPPTPTPPOPHA A A CTC* A A 

CGTGGATGCAGTTGGTGGTGAGGCCCTGGGCAGGTTGGTAT 
CAAGGTTATAAGAGAGGCTCAAGGAGGCAAATGGAAACT 


413 


AGTTTCCATTTGCCTCCTTGAGCCTCTCTTATAACCTTGATAC 
CAACCTGCCCAGGGCCTgACCACCAACTGCATCCACGTTCA 
CTTTGCCCCACAGGGCATTGACAGCAGTCTTCTCCTC 


414 


TTGGTGGTGAGGCCCTG 


415 




4 ID 


Thalassaemia Beta 

ALA-28-SER 

GCCtoTCC 


RARAARArTRPTftTrAATfirrrTI^TfirsfirSPAAArvrfJAAr^T 

GGATGCAGTTGGTGGTGAGGCCCTGGGCAGGTTGGTATCAA 
GGTTATAAGAGAGGCTCAAGGAGGCAAATGGAAACTGGG 


41 f 


CCCAGTTTCCATTTGCCTCCTTGAGCCTCTCTTATAACCTTGA 

TACCAACCTGCCCAGGGCCTCACCACCAACTGCATCCACGT 

TCACTTTGCCCCACAGGGCATTGACAGCAGTCTTCTC 


418 


GTGGTGAGGCCCTGGGC 


419 


GCCCAGGGCCTCACCAC 


420 
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Clinical Phenatype& 
% Mutation - 


. , : [ . ; . ; Correcting Oifgos . ; . ' ; , \ 


: m 


Thalassaemia Beta 
ARG-31-THR 
AGG to ACG 


CTGTCAATGCCCTGTGGGGCAAAGTGAACGTGGATGCAGTT 
GGTGGTGAGGCCCTGGGCAGGTTGGTATCAAGGTTATAAGA 
GAGGCTCAAGGAGGCAAATGGAAACTGGGCATGTGTAGA 


421 




TCTACACATGCCCAGTTTCCATTTGCCTCCTTGAGCCTCTCTT 
ATAACCTTGATACCAACCTGCCCAGGGCCTCACCACCAACTG 

bAlbbALbl lOAOl 1 IbUbbUAOAbbbl/AI IbAOAb 


422 




CCTGGGCAGGTTGGTAT 


423 




ATACCAACCTGCCCAGG 


424 


Thalassaemia Beta 

Leu-33-GLN 

CTGtoCAG 


TGGGTTTCTGATAGGCACTGACTCTCTGTCCCTTGGGCTGTT 
TTCCTACCCTCAGATTACIGGTGGTCTACCCTTGGACCCAGA 
GGTTCTTTGAGTCCTTTGGGGATCTGTCCTCTCCTGA 


425 




TCAGGAGAGGACAGATCCCCAAAGGACTCAAAGAACCTCTG 
GGTCCAAGGGTAGACCACCAGTAATCTGAGGGTAGGAAAAC 

APPPPA APPPAPAPAPA f^TO A PTPPPTATPAP AAAPPPA 

AbbbbAAbbbAbAbAbAb 1 bAb 1 bbb I Al bAbAAAObbA 


426 




CAGATTACTGGTGGTCT 


427 




AGACCACCAGTAATCTG 


428 


Thalassaemia Beta 

TYR-36-Term 

TACtoTAA 


ATAGGCACTGACTCTCTGTCCCTTGGGCTGTTTTCCTACCCT 
CAGATTACTGGTGGTCTACCCTTGGACCCAGAGGTTCTTTGA 
GTCCTTTGGGGATCTGTCCTCTCCTGATGCTGTTATG 


429 




CATAACAGCATCAGGAGAGGACAGATCCCCAAAGGACTCAAA 
GAACCTCTGGGTCCAAGGGTAGACCACCAGTAATCTGAGGG 
1 AbbAAAAbAbbbbAAbbbAbAbAbAbl OAb Tbbt/ 1 Al 


430 




GTGGTCTACCCTTGGAC 


431 




GTCCAAGGGTAGACCAC 


432 


Thalassaemia Beta 

TRP-38-Term 

TGGtoTGA 


ACTGACTCTCTGTCCCTTGGGCTGTTTTCCTACCCTCAGATT 
ACTGGTGGTCTACCCTTGGACCCAGAGGTTCTTTGAGTCCTT 

T^X^N^N^ A T/M'^T'A AT AT A A*rn ATAATATTATAAAA a a 

TGGGGATCTGTCCTCTCCTGATGCTGTTATGGGCAAC 


433 




GTTGCCCATAACAGCATCAGGAGAGGACAGATCCCCAAAGG 
ACTCAAAGAACCTCTGGGTCCAAGGGTAGACCACCAGTAATC 


434 . 




TACCCTTGGACCCAGAG 


435 




CTCTGGGTCCAAGGGTA 


436 


Thalassaemia Beta 
TRP-38-Term 
TGG to TAG 


CACIGACICICIGICCCI IGGGCIGI 1 1 ICCIACCCICAGAr 
TACTGGTGGTCTACCCTTGGACCCAGAGGTTCTTTGAGTCCT 
TTGGGGATCTGTCCTCTCCTGATGCTGTTATGGGCAA 


437 
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SEQID 
NO: 


Clinical Phenotype & 
; ~ Mutation: 


.. ■ Correcting Oiigos 




TTGCCCATAACAGCATCAGGAGAGGACAGATCCCCAAAGGA 

CTCAAAGAACCTCTGGGTCCAAGGGTAGACCACCAGTAATCT 

GAGGGTAGGAAAACAGCCCAAGGGACAGAGAGTCAGTG 


438 


CTACCCTTGGACCCAGA 


439 


TCTGGGTCCAAGGGTAG 


440 


Thalassaemia Beta 

GLN-40-Term 

CAG-TAG 


ACTCTCTGTCCCTTGGGCTGTTTTCCTACCCTCAGATTACTG 

GTGGTCTACCCTTGGACCCAGAGGTTCTTTGAGTCCTTTGGG 

GATCTGTCCTCTCCTGATGCTGTTATGGGCAACCCTA 


441 


TAGGGTTGCCCATAACAGCATCAGGAGAGGACAGATCCCCA 
AAGGACTCAAAGAACCTCTGGGTCCAAGGGTAGACCACCAG 
TAATCTGAGGGTAGGAAAACAGCCCAAGGGACAGAGAGT 


442 


CTTGGACCCAGAGGTTC 


443 


GAACCTCTGGGTCCAAG 


444 


Thalassaemia Beta 
GLU-44-Term 
GAG to TAG 


TTGGGCTGTTTTCCTACCCTCAGATTACTGGTGGTCTACCCT 
TGGACCCAGAGGTTCTTTGAGTCCTTTGGGGATCTGTCCTCT 
CCTGATGCTGTTATGGGCAACCCTAAGGTGAAGGCTC 


445 


GAGCCTTCACCTTAGGGTTGCCCATAACAGCATCAGGAGAG 
GACAGATCCCCAAAGGACTCAAAGAACCTCTGGGTCCAAGG 
GTAGACCACCAGTAATCTGAGGGTAGGAAAACAGCCCAA 


446 


GGTTCTTTGAGTCCTTT 


447 


AAA A /"*"T"f* A A A A A /N/"N 

AAAGGACTCAAAGAACC 


448 


Thalassaemia Beta 
LYS-62-Term 
AAG to TAG 


TIC 1 1 1 GAGTCC 1 1 1 GGGGATCTGTCCTCTCCTGATGCTGTTA 
TGGGCAACCCTAAGGTGAAGGCTCATGGCAAGAAGGTGCTA 
GGTGCCTTTAGTGATGGCCTGGCTCACCTGGACAACC 


A Af\ 

449 


GGTTGTCCAGGTGAGCCAGGCCATCACTAAAGGCACCTAGC 
ACCTTCTTGCCATGAGCCTTCACCTTAGGGTTGCCCATAACA 
GCATCAGGAGAGGACAGATCCCCAAAGGACTCAAAGAA 


450 


CTAAGGTGAAGGCTCAT 


451 


ATGAGCCTTCACCTTAG 


452 


Thalassaemia Beta 

SER-73-ARG 

AGTtoAGA 


TGCTGTTATGGGCAACCCTAAGGTGAAGGCTCATGGCAAGA 
AGGTGCTAGGTGCCTTTAGTGATGGCCTGGCTCACCTGGAC 
MCCTCMGGGCACTTTTTCTCAGCTGAGTGAGCTGCAC 


453 


GTGCAGCTCACTCAGCTGAGAAAAAGTGCCCTTGAGGTTGTC 

CAGGTGAGCCAGGCCATCACTAAAGGCACCTAGCACCTTCT 

TGCCATGAGCCTTCACCTTAGGGTTGCCCATAACAGCA 


454 
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Clinical Phenbtype & 
Mutation 


. Correcting Oligos , 


MO- 




GCCTTTAGIGATGGCCT 


455 




AGGCCATCACTAAAGGC 


456 


Haemolytic Anaemia 
GLY-75-VAL 
GGC to GTC 


TTATGGGCAACCCTAAGGTGAAGGCTCATGGCAAGAAGGTG 
CTAGGTGCCTTTAGTGATGGCCTGGCTCACCTGGACAACCT 
CAAGGGCACI 1 1 1 1 CTCAGCTGAGTGAGCTGCACTGTGA 


457 




TCACAGTGCAGCTCACTCAGCTGAGAAAAAGTGCCCTTGAG 
GTTGTCCAGGTGAGCCAGGCCATCACTAAAGGCACCTAGCA 


458 




TAGTGATGGCCTGGCTC 


459 




GAGCCAGGCCATCACTA | 


460 


Thalassaemia Beta 
GLU-91-Term 
GAG to TAG 


GCCTTTAGTGATGGCCTGGCTCACCTGGACAACCTCAAGGG 
CACCTTTGCCACACTGAGTGAGCTGCACTGTGACAAGCTGC 
ACGTGGATCCTGAGAACTTCAGGGTGAGTCTATGGGACC 


461 




GGTCCCATAGACTCACCCTGAAGTTCTCAGGATCCACGTGCA 
GCTTGTCACAGTGCAGCTCACTCAGTGTGGCAAAGGTGCCC 

TrGAGGTTGTrrAGGTGAfirrAGnnrATPArTAAAGGr 


462 




CACTGAGTGAGCTGCAC 


463 




GTGCAGCTCACTCAGTG 


464 


Thalassaemia Beta 
VAL-99-MET 
GTG to ATG 


CTGGACAACCTCAAGGGCACTTTTTCTCAGCTGAGTGAGCTG 
CACTGTGACAAGCTGCACGTGGATCCTGAGAACTTCAGGGT 
GAGTCCAGGAGATGCTTCAC 1 1 1 1 CTC 1 1 1 1 1 ACTTTC 


465 




GAAAGTAAAAAGAGAAAAGTGAAGCATCTCCTGGACTCACCC 
TGAAGTTCTCAGGATCCACGTGCAGCTTGTCACAGTGCAGCT 
CACTf AGCTGAGMAAAGTGCCCTTGAGGTTGTCfiAG 


466 




AGCTGCACGTGGATCCT 


467 




AGGATCCACGTGCAGCT 


468 


Thalassaemia Beta 

LEU-111-PR0 

CTG-CCG 


CCCTTTTGCTAATCATGTTCATACCTCTTATCTTCCTCCCACA 
GCTCCTGGGCAACGTGCTGGTCTGTGTGCTGGCCCATCACT 
TTGGCAAAGAATTCACCCCACCAGTGCAGGCTGCCTA 


469 




TAGGCAGCCTGCACTGGTGGGGTGAATTCTTTGCCAAAGTG 

ATGGGCCAGCACACAGACCAGCACGTTGCCCAGGAGCTGTG 

GGAGGAAGATAAGAGGTATGAACATGATTAGCAAAAGGG 


470 




CAACGTGCIGGTCTGTG 


471 




CACAGACCAGCACGTTG 


472 
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> NO; 


Thalassaemia Beta 

CYS-113-Term 

TGTtoTGA 


GCTMTCATGTTCATACCTCTTATCTTCCTCCCACAGCTCCTG 
GGCAACGTGCTGGTCTGTGTGCTGGCCCATCACTTTGGCAA 
AGAATTCACCCCACCAGTGCAGGCTGCCTATCAGAAA 


473 




TTTCTGATAGGCAGCCTGCACTGGTGGGGTGAATTCTTTGCC 
AAAGTGATGGGCCAGCACACAGACCAGCACGTTGCCCAGGA 
GCTGTGGGAGGAAGATAAGAGGTATGAACATGATTAGC 


474 




CTGGTCTGIGTGCTGGC 


475 




j*\ a A, A A A A A A /"X A A A A 

GCCAGCACACAGACCAG 


476 


Thalassaemia Beta 

LEU-115-PR0 

CTGtoCCG 


TCATGTTCATACCTCTTATCTTCCTCCCACAGCTCCTGGGCA 

ACGTGCTGGTCTGTGTGCTGGCCCATCACTTTGGCAAAGAAT 

TCACCCCACCAGTGCAGGCTGCCTATCAGAAAGTGGT 


477 




ACCACTTTCTGATAGGCAGCCTGCACTGGTGGGGTGAATTCT 
TTGCCAAAGTGATGGGCCAGCACACAGACCAGCACGTTGCC 
CAGGAGCTGTGGGAGGAAGATAAGAGGTATGAACATGA 


478 




CTGTGTGCTGGCCCATC 


479 




GATGGGCCAGCACACAG 


480 


===__ 
Thalassaemia Beta 
ALA-116-ASP 
GCCtoGAC 


TGTTCATACCTCTTATCTTCCTCCCACAGCTCCTGGGCAACG 
TGCTGGTCTGTGTGCTGGCCCATCACTTTGGCAAAGAATTCA 
CCCCACCAGTGCAGGCTGCCTATCAGAAAGTGGTGGC 


481 




GCCACCACTTTCTGATAGGCAGCCTGCACTGGTGGGGTGAA 

TTCTTTGCCAAAGTGATGGGCCAGCACACAGACCAGCACGTT 

GCCCAGGAGCTGTGGGAGGAAGATAAGAGGTATGAACA 


482 




TGTGCTGGCCCATCACT 


483 




AGTGATGGGCCAGCACA 


484 


Thalassaemia Beta 

GLU-122-Term 

GAAtoTAA 


T'l'OATOOA AAA 0}/">"T*/> at A A A A a A AnTAATAATATATATAAT 

TTCCTCCCACAGCTCCTGGGCAACGTGCTGGTCTGTGTGCT 
GGCCCATCACTTTGGCAAAGAATTCACCCCACCAGTGCAGG 
CTGCCTATCAGAAAGTGGTGGCTGGTGTGGCTAATGCCC 


AOC 

485 




GGGCATTAGCCACACCAGCCACCACTTTCTGATAGGCAGCC 
TGCACTGGTGGGGTGAATTCTTTGCCAAAGTGATGGGCCAG 
CACACAGACCAGCACGTTGCCCAGGAGCTGTGGGAGGAA 


486 




TTGGCAAAGAATTCACC 


487 




GGTGAATTCTTTGCCAA 


488 


Thalassaemia Beta 

GLN-128-PRO 

CAGtoCCG 


GCAACGTGCTGGTCTGTGTGCTGGCCCATCACTTTGGCAAA 
GAATTCACCCCACCAGTGCAGGCTGCCTATCAGAAAGTGGT 
GGCTGGTGTGGCTAATGCCCTGGCCCACAAGTATCACTA 


489 



WO 01/73002 



-73- 



PCT/US01/09761 



Clinical Phenoiype & ; 


Correcting Oligos 


NO: 




TAGTGATACTTGTGGGCCAGGGCATTAGCCACACCAGCCAC 
CACTTTCTGATAGGCAGCCTGCACTGGTGGGGTGAATTCTTT 
rsrPAAAfSTrcATGGGPrAGPArAPAGArrAGPArGTTGr. 


490 


ACCAGTGCAGGCTGCCT 


491 


AGGCAGCCTGCACTGGT 


492 


Thalassaemia Beta 
GLN-128-Term 

PAft tn TAft 
wnO IU 1 MO 


GGCAACGTGCTGGTCTGTGTGCTGGCCCATCACTTTGGCAA 

AGAATTCACCCCACCAGTGCAGGCTGCCTATCAGAAAGTGGT 

ftRPTRRTGTGRCTAATGCCCTGGCCCACAAGTATCACT 


493 


AGTGATACTTGTGGGCCAGGGCATTAGCCACACCAGCCACC 
ACTTTCTGATAGGCAGCCTGCACTGGTGGGGTGAATTCTTTG 

PPAAAnTrtATfirjrjrrAGrAPAPAGAPrAGPArGTTGPn 


494 


CACCAGTGCAGGCTGCC 


495 


GGCAGCCTGCACTGGTG 


496 


Thalassaemia Beta 
GLN-132-LYS 

PAH tn AAft 


GTCTGTGTGCTGGCCCATCACTTTGGCAMGAATTCACCCCA 
CCAGTGCAGGCTGCCTATCAGAAAGTGGTGGCTGGTGTGGC 

TAATGPPPTGGrrrArAAGTATrArTAAGrTrGmTTr. 


497 


GAAAGCGAGCTTAGTGATACTTGTGGGCCAGGGCATTAGCC 
ACACCAGCCACCACTTTCTGATAGGCAGCCTGCACTGGTGG - 
GGTGAATTCTTTGCCAAAGTGATGGGCCAGCACACAGAC 


498 


CTGCCTATCAGAAAGTG 


499 


CACTTTCTGATAGGCAG 


500 



EXAMPLE 7 

Retinoblastoma 

Retinoblastoma (RB) is an embryonic neoplasm of retinal origin. It almost always 
presents in early childhood and is often bilateral. The risk of osteogenic sarcoma is increased 500-fold in 
bilateral retinoblastoma patients, the bone malignancy being at sites removed from those exposed to 
radiation treatment of the eye tumor. 

The retinoblastoma susceptibility gene (pRB; pRb) plays a pivotal role in the regulation of 
the cell cycle. pRB restrains cell cycle progression by maintaining a checkpoint in late that controls 
commitment of cells to enter S phase. The critical role that pRB plays in cell cycle regulation explains its 
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status as archetypal tumor suppressor loss of pRB function results in an inability to maintain control of 
the G, checkpoint unchecked progression through the cell cycle is f in turn, a hallmark of neoplasia. 

Blanquet ef a/., Hum. Mo/ec. Genet 4: 383-388 (1 995) performed a mutation survey of 
the RB1 gene in 232 patients with hereditary or nonhere$tary f retinoblastoma. They systematically 
explored all 27 exons and flanking sequences, as well as the promoter. All types of point mutations were 
represented and found to be unequally distributed along the RB1 gene sequence. In the population 
studied, exons 3, 8, 18, and 19 were preferentially altered. The attached table discloses the correcting 
oligonucleotide base sequences for the retinoblastoma oligonucleotides of the invention. 



Table 13 

pRB Mutations and Genome-Correcting Oligos 



?>pmcaTPhenotype& 




:"$EQ: : lil 
NO: 


Retinoblastoma 

Trp99Term 

TGG-TAG 


AAT ATTTGATCTTTA 1 1 1 1 1 1 GTTCCCAGGGAGGTTATATTCAA 

AAGAAAAAGGAACTGTGGGGAATCTGTATCTTTATTGCAGCA 

GTTGACCTAGATGAGATGTCGTTCACTTTTACTGA 


501 




TCAGTAAAAGTGAACGACATCTCATCTAGGTCAACTGCTGCA 
ATAAAGATACAGATTCCCCACAGTTCC 1 1 1 1 1 CTTTTGAATATA 
ACCTCCCTGGGAACAAAAAATAAAGATCAAATATT 


502 




GGAACTGTGGGGAATCT 


503 




AGATTCCCCACAG7TCC 


504 


Retinoblastoma 

Glu137Asp 

GAA-GAT 


Al 1 IACI 1 1 1 1 ICIAI ICI 1 1 CC 1 TTGTAGTGTCCATAAATTCTT 

TAACTTACTAAAAGAAATTGATACCAGTACCAAAGTTGATAAT 

GCTATGTCAAGACTGTTGAAGAAGTATGATGTA 


505 




TACATCATACTTCTTCAACAGTCTTGACATAGCATTATCAACTT 
TGGTACTGGTATCMTTrCTTTTAGTAAGTTAAAGAATTTATGG 
ACACTACAAAGGAAAGAATAGAAAAAAGTAAAT 


506 




CTAAAAGAAATTGATAC 


507 




GIAICAAIIICIIIIAG 


508 


Retinoblastoma 

Glu137Term 

GAA-TAA 


TGATTTACI 1 1 1 1 1 CTATTCTTTCCTTTGTAGTGTCCATAAATT 
CTTTAACTTACTAAAAGAAATTGATACCAGTACCAAAGTTGAT 
AATGCTATGTCAAGACTG7TGAAGAAGTATGATG 


509 
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'CJihicai Phenoty^ie&f 
Mutation 


■ : Correcting Ollgos 


SEQID 
NO; 




CATCATACTTCTTCAACAGTCTTGACATAGCATTATCAACTTT 
GGTACTGGTATCMTTTCTTTTAGTAAGTTAAAGAATTTATGG 
ACACTACAAAGGAAAGAATAGAAAAAAGTAAATCA 


510 


TACTAAAAGAAAnGAT 


511 


AICAAIIICIIIIAGIA 


512 


Retinoblastoma 

Glnl76Term 

CAA-TAA 


AAMTGnAAAMGTCAtMTGTTTTTCTTTTCAGGACATGTGA 
ACTTATATATTTGACACAACCCAGCAGTTCGTAAGTAGTTCAC 
AGAATGTTAI 1 1 1 ICACI I AAAAAAAAAGAF 1 1 1 

» iN/l w » I V-^ llfilllll \Jf\\J I 1 / U u V V w 1/ V V IVJ/ ml 111 


513 


AAAAICI 1 1 1 1 1 1 1 lAAGIGAAAAAIAACAl ICIGIGAACIACT 

TACGAACTGCTGGGTTGTGTCAAATATATAAGTTCACATGTCC 

TGAAMGAAAMCATTATGACTTTTTAACATTTT 


514 


ATTTGACACAACCCAGC 


515 


GCTGGGTTGTGTCAMT 


516 


Retinoblastoma 

lle185Thr 

ATA-ACA 


IGAIACAI 1 1 1 ICCIGI 1 1 1 1 1 1 ICIGCI 1 ICIAI 1 IGI 1 IAAIA 
GGATATCTACTGAAATAAATTCTGCATTGGTGCTAAAAGTTTC 
TTGGATCACAI 1 1 1 1 ATTAGCTAAAGGTAAGTT 


517 


MCTTACCTTTAGCTAATAAAAATGTGATCCAAGAAACTTTTA 
GCACCAATGCAGAATTTATTTCAGTAGATATCCTATTAAACAA 
ATAGAAAGCAGAAAAAAAACAGGAAAAATGTATCA 


518 


TACTGAAATAAATTCTG 


519 


CAGAATTTATTTCAGTA 


520 


Retinoblastoma 

Gln207Term 

CAA-TAA 


AAAGAICIGAAICICIAACI 1 ICI 1 lAAAAAIGIACAl 1 1 1 1 1 1 
TTCAGGGGAAGTATTACAAATGGAAGATGATCTGGTGATTTC 
ATTTCAGTTAATGCTATGTGTCCTTGACTA 1 TT l"A 

fill 1 IVr ■ 1 * W \ ■ N^>^ 1 f 1 1 1 1 1 1 V^* 1 / * 1 1 1 1 f 1 


521 


TAAAATAGTCAAGGACACATAGCATTAACTGAAATGAAATCAC 
CAGATCATCTTCCATTTGTAATACTTCCCCTGAAAAAAAAATG 
TACAI 1 1 1 1 AAAGAAAGTTAGAGATTCAGATCTTT 


522 


AAGTATTACAAATGGAA 


523 


TTCCATTTGTAATACTT 


524 


Retinoblastoma 

Arg251Term 

CGAtoTGA 


Gl ICI'IAICIAAI 1 IACGACI 1 1 IACAGAAACAGCIGI IAIACC 

CATTAATGGTTCACCTCGAACACCCAGGCGAGGTCAGAACA 

GGAGTGCACGGATAGCAAAACAACTAGAAAATGATA 


525 


TATCATTnCTAGTTGTTTTGCTATCCGTGCACTCCTGTTCTG 

ACCTCGCCTGGGTGTTCGAGGTGAACCATTAATGGGTATAAC 

AGCTGTTTCTGTAAAAGTGGTAAATTAGATAAGAAC 


526 
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C!inicafPhenotype& 
Mutation 


Correctmg Qligos 

L' _ \ - * < _• 


SEQID 




GnCACCT£GAACACCC 


527 


GGGTGTTCGAGGTGAAC 


0£0 


Retinoblastoma 

Arg255Term 

CGAtoTGA 


TTTACCACTTTTACAGAAACAGCTGTTATACCCATTAATGfiTT 
CACCTCGAACACCCAGGCGAGGTCAGAACAGGAGTGCACG 
GATAGCAAAACAACTAGAAAATGATACAAGAATTATTG 




CMTMnCTTGTATCATTnCTAGTTGTTTTGCTATCCGTGCA 
CTCCTGTTCTGACCTCGCCTGGGTGTTCGAGGTGAACCATTA 
ATGGGTATAACAGCTGTTTCTGTAAAAGTGGTAAA 


530 


CACCCAGGCGAGGTCAG 


531 


CTGACCTCGCCTGGGTG 




Retinoblastoma 

Gln266Term 

CAAtoTAA 


ATTAATGGTTCACCTCGAACAnCCAGRCfiARRTrARAArAf; 
GAGTGCACGGATAGCAAAACAACTAGAAAATGATACAAGAAT 
TATTGAAGTTCTCTGTAAAGAACATGAATGTAATATAG 


000 


CTATATTACATTCATGTTCTTTACAGAGAACTTCAATAATTCTT 
GTATC ATTTTCTAGTTG 1 1 1 1 GCTATCCGTGCACTCCTGTTCT 
GACCTCGCCTGGGTGTTCGAGGTGAACCATTAAT 


534 


TAGCAAAACAACTAGAA 


535 


TTCTAGTTGTTTTGCTA 


000 


Retinoblastoma 

Arg320Term 

CGAtoTGA 


TGACATGTAAAGGATAATTGTCAGTGAC1 1 i 1 ITfTrTOAAfifi 
TTGAAAATCTTTCTAAACGATACGAAGAAATTTATCTTAAAAAT 
AAAGATCTAGATGCAAGATTA 1 1 1 1 IGGATCATG 


OOi 


CATGATCCAAAAATAATCTTGCA 1 C 1 AGA 1 C 1 1 IAI 1 1 1 IAAGA 
TAMTnCTTCGTATCGjnAGAMGATTTTCAACCTTGAAAGA 
AAAAAGTCACTGACAATTATCCTTTACATGTCA 


538 


TTTCTAAACGATACGAA 


539 


TTCGTATCGTTTAGAAA 


•540 


Retinoblastoma 
Gln354Term 
LAbtO lAo 


ACAMTTGTAMTTTTCAGTATGTGAATGACTTCACTTATTGTT 
ATnAGTTTTGAAACACAGAGAACACCACGAAAAAGTAACCTT 
GATGAAGAGGTGAATGTAATTCCTCCACACACTC 




GAGTGTGTGGAGGAATTACATTCACCTCTTCATCAAGGTTAC 
IIII 1 CGTGGTGTTCTCTGTGTTTCAAAACTAAATAACAATAA 
GTGAAGTCATTCACATACTGAAAATTTACAATTTGT 


542 


TTGAAACACAGAGAACA 


543 


TGTTCTCTGTGTTTCAA 


544 
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Clinical Phenotype& 


Correcting Oiigos 

i ~ . • •• .' . , ■ > 


mm 

NO; 


Retinoblastoma 

Arg358Gly 

CGAtoGGA 


TTrTCAGTATGTGMTGACnCACTTATTGTTATTTAGTTTTGA 
AACACAGAGAACACCACGAAAAAGTAACCTTGATGAAGAGGT 
GAATGTAATTCCTCCACACACTCCAGTTAGGTATG 


• 545 




CATACCTAACTGGAGTGTGTGGAGGAATTACATTCACCTCTT 
CATCAAGGTTACI 1 1 1 1 CGTGGTGTTCTCTGTGTTTCAAAACT 
AMTAACAATAAGTGAAGTCATTCACATACTGAAAA 


546 




GMCACCACGAAAAAGT 


547 




ACIIIIICGIGGIGIIC 


548 


Retinoblastoma 

Arg358Term 

CGAtoTGA 


TTnCAGTATGTGMTGACTTCACTTATTGTTATTTAGTTTTGA 
AACACAGAGAACACCACGAAAAAGTAACCTTGATGAAGAGGT 
GMTGTAATTCCTCCACACACTCCAGTTAGGTATG 


549 




CATACCTAACTGGAGTGTGTGGAGGAATTACATTCACCTCTT 
CATCAAGGTTAC 1 1 1 1 1 CGTGGTGTTCTCTGTGTTTCAAAACT 
AAATAACAATAAGTGAAGTCATTCACATACTGAAAA 


550 




GAACACCACGAAAAAGT 


551 




ACIIIIICGIGGIGIIC 


552 


Retinoblastoma 

Ser397Term 

TCAtoTAA 


CTGTTATGMCACTATCCMCMTTMTGATGATTTTAAATTCA 
GCMGTGATCMCCTTCAGAAAATCTGATTTCCTATTTTAACG 
TAAGCCATATATGAAACATTATTTATTGTAATAT 


553 




ATATTACAATAAATMTGTTTCATATATGGCTTACGTTAAAATA 
GGAMTCAGATTTTCTGAAGGTTGATCACTTGCTGAATTTAAA 
ATCATCATTAATTGTTGGATAGTGTTCATAACAG 


554 




TCAACCTTCAGAAAATC 


555 




GATTTTCTGAAGGTTGA 


556 


Retinoblastoma 

Arg445Term 

CGAtoTGA 


TTTCATMTTGTGATTTTCTAAMTAGCAGGCTCTTATTTTTCT 
TTTTGTnGTTTGTAGCGATACAAACTTGGAGTTCGCTTGTAT 
TACCGAGTAATGGAATCCATGCTTAAATCAGTAA 


557 




TTACTGATTTAAGCATGGATTCCATTACTCGGTAATACAAGCG 
AACTCCAAGTTTGTATCGCTACAAACAAACAAAAAGAAAAATA 
AGAGCCTGCTATTTTAGAAMTCACAATTATGAM 


558 




GTTTGTAGCGATACAAA 


559 




TTTGTATCGCTACAAAC 


560 


Retinoblastoma 
Arg455Term 

CGAtoTGA ! 


GUI CI IAI 1 1 1 ICI 1 II IGI 1 IGI 1 1 G 1 AGCGATACAAACTTGG 
AGTTCGCTTGTATTACCGAGTAATGGAATCCATGCTTAAATCA 
GTAAGTTAAAAACAATATAAAAAAATTTCAGCCG 


561 
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j CnnicalPhienotype& 
: Mutation 


' 1 Correcting Oiigos 


ISEQlD 

■111 




CGGC1GAAAI 1 1 1 1 1 IAIAI IGI III IAACI IACIGAI 1 IAAGC 

ATGGATTCCATTACTC6GTAATACAAGCGAACTCCAAGTTTGT 

ATCGCTACAAACAAACAAAAAGAAAAATAAGAGC 


562 


TGTATTACCGAGTAATG 


563 


CATTACTCGGTAATACA 


CCA 
OW 


Retinoblastoma 

Arg552Term 

CGAtoTGA 


ATGATAAAACATTTAGAACGATGTGAACATCGAATCATGGAAT 
CCCTTGCATGGCTCTCAGTAAGTAGCTAAATAATTG 


000 


CAATTATTTAGCTACTTACTGAGAGCCATGCAAGGGATTCCAT 
GATTCGATGTTCACATCGTTCTAAATG 1 1 1 1 ATCATTTCTCTTG 
TCAAGTTGCCTTCTGCTTTGATAAAACTTTCGAT 


566 


ATTTAGAACGATGTGAA 


567 


TTCACATCGTTCTAAAT 


000 


Retinoblastoma 

Cys553Term 

TGTtoTGA 


MGTTTTATCAAAC5rAfiAA(^firAAPTT^APAAriA^AAATr^ATA 

AAACATTTAGAACGATGTGAACATCGAATCATGGAATCCCTTG 
CATGGCTCTCAGTAAGTAGCTAAATAATTGAAGAA 


ooy 


TTCTTCAATTATTTAGCTACTTACTGAGAGCCATGCAAGGGAT 
TCCATGATTCGATGTTCACATCGTTCTAMTGTTTTATCATTTC 
TCTTGTCAAGTTGCCTTCTGCTTTGATAAAACTT 


570 


GAACGATGIGAACATCG 


571 


CGATGTTCACATCGTTO 


Of L 


Retinoblastoma 

Glu554Term 

GAAtoTAA 


AGTTTTATCAAAGCAGAAGGCAACTTf?ArAAfiAfiAAATOATAA 

AACATTTAGAACGATGTGAACATCGAATCATGGAATCCCTTG 

CATGGCTCTCAGTAAGTAGCTAAATAATTGAAGAAA 


Of 0 


TTTCTTCAATTATTTAGCTACTTACTGAGAGCCATGCAAGGGA 
nCCATGAnCGATGTTCACATCGnCTAAATGTTTTATCATTT 
CTCTTGTCAAGTTGCCTTCTGCTTTGATAAAACT 


574 


AACGATGTGAACATCGA 


575 


TCGATGTTCACATCGTT 


57fi 


Retinoblastoma 

Ser567Leu 

TCAtoTTA 


TACCTGGGAAMnATGCTTACTMTGTGGTTTTAATTTCATC 
ATGTTTCATATAGGATTCACCTnATTTGATCTTATTAMCMT 
CAAAGGACCGAGAAGGACCAACTGATCACCTTGA 


577 


TCMGGTGATCAGTTGGTCCnCTCGGTCCTTTGATTGTTTAA 

TAAGATCAAATAAAGGTGAATCCTATATGAAACATGATGAAAT 

TAAAACCACATTAGTAAGCATAATTTTCCCAGGTA 


578 



WO 01/73002 



-79- 



PCT/US01/09761 



Clinical f>henotype& 
Mutation 


■ :^. v ;'i : W\ % Correcting Otigos <B¥^MB ' f-. vl ; 


SEQID 

NO: 




ATAGGATTCACCTTTAT 


579 


ATAAAGGTGAATCCTAT 


580 


Retinoblastoma 

Gln575Term 

CAAtoTAA 


AAIGIGGI 1 1 IAAI 1 ICAICAIGI 1 ICAIAIAGGAI ICACCI 1 1 

ATTTGATCTTATTAAACAATCAAAGGACCGAGAAGGACCAACT 

GATCACCTTGAATCTGCTTGTCCTCTTAATCTTC 


581 


GAAGATTAAGAGGACAAGCAGATTCAAGGTGATCAGTTGGTC 
CTTCTCGGTCCTTTGATTGTTTAATAAGATCAAATAAAGGTGA 
ATCCTATATGAAACATGATGAAATTAAAACCACATT 


582 


TTATTAAACAATCAAAG 


583 


CTTTGATTGTTTAATAA 


584 


Retinoblastoma 

Arg579Term 

CGAtoTGA 


ATTTCATCATGnTCATATAGGAnCACCTTTATTTGATCnAT 
TAAACAATCAAAGGACCGAGAAGGACCAACTGATCACCTTGA 
ATCTGCTTGTCCTCTTAATCTTCCTCTCCAGAATA 


585 


TATTCTGGAGAGGAAGATTAAGAGGACAAGCAGATTCAAGGT 
GATCAGTTGGTCCTTCTCGGTCCTTTGATTGTTTAATAAGATC 
AAATAAAGGTGAATCCTATATGAAACATGATGAAAT 


586 


CAAAGGACCGAGAAGGA 


587 


TCCTTCTCGGTCCTTTG 


588 


Retinoblastoma 

Glu580Term 

GAAtoTAA 


TCATCATGTTTCATATAGGATTCACCTTTATTTGATCTTATTAA 
ACAATCAAAGGACCGAGAAGGACCAACTGATCACCTTGAATC 
TGCTTGTCCTCTTAATCTTCCTCTCCAGAATAATC 


589 


GATTATTCTGGAGAGGAAGATTAAGAGGACAAGCAGATTCAA 
GGTGATCAGTTGGTCCTTCTCGGTCCTTTGATTGTTTAATAAG 
ATCAAATAAAGGTGAATCCTATATGAAACATGATGA 


590 


AGGACCGAGAAGGACCA 


591 


TGGTCCTTCTCGGTCCT 


592 


Retinoblastoma 

Ser634Term 

TCAtoTGA 


AGAAAAAAGGTTCAACTACGCGTGTAAATTCTACTGCAAATG 
CAGAGACACAAGCAACCTCAGCCTTCCAGACCCAGAAGCCA 
TTGAAATCTACCTCTCtTTCACTGTTTTATAAAAAAGG 


593 


CCTTTTTTATAAAACAGTGAAAGAGAGGTAGATTTCAATGGCT 
TCTGGGTCTGGAAGGCTGAGGTTGCTTGTGTCTCTGCATTTG 
CAGTAGAATTTACACGCGTAGTTGAACCTTTTTTCT 


594 


AGCAACCTCAGCCTTCC 


595 


GGAAGGCTGAGGTTGCT 


596 
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Clinical Phenofype & 


- ConectiiiQ Oliaos , , 




Retinoblsstoma 
Ala635Pro 
GCC to CCC 


AAAAAAGGTTCAACTACGCGTGTAAATTCTACTGCAAATCOA 
GAGACACAAGCAACCTCAGCCTTCCAGACCCAGAAGCCATT 
GAMTCTACCTCTCTnCACTGTTTTATAAAAAAGGTT 






MCCTTTTTTATAAAACAGTGAAAGAGAGGTAGATTTCAATGG 
CTTCTGGGTCTGGMGGCTGAGGTTGCTTGTGTCTCTGCATT 
TGCAGTAGAATTTACACGCGTAGTTGAACC 1 1 1 1 1 1 


598 




CAACCTCAGCCTTCCAG 


599 




CTGGAAGGCTGAGGTTG 


finn 


Retinoblastoma 

Gln639Term 

CAGtoTAG 


ACTACGCGTGTAAATTCTACTGrAAATGnAGAfiAPArAAfiPA 
ACCTCAGCCTTCCAGACCCAGAAGCCATTGAAATCTACCTCT 
CTTTCACTGTTTTATAAAAAAGGTTAGTAGATGATTA 


01/ 1 




TMTCATCTACTMCCTTTTTTATAAAACAGTGAAAGAGAGGT 

AGATTTCAATGGCTTCTGGGTCTGGAAGGCTGAGGTTGCTTG 

TGTCTCTGCATTTGCAGTAGAATTTACACGCGTAGT 


602 




TCCAGACCCAGAAGCCA 


603 




TGGCTTCTGGGTnTGGA 




Rpfi no hla stoma 

Leu657Pro 

CTAtoCCA 


TTGTAATTnAAAATfiAAPAfiTAAAAATftAPTAA 1 1 1 1 1 PTTATT 

CCCACAGTGTATCGGCTAGCCTATCTCCGGCTAAATACACTT 
TGTGAACGCCTTCTGTCTGAGCACCCAGAATTAGA 


QUO 




TCTAATTCTGGGTGCTCAGACAGAAGGCGTTCACAAAGTGTA 
TTTAGCCGGAGATAGGCTAGCCGATACACTGTGGGAATAAG 
AAAAATTAGTCAI 1 1 1 IACTGTTCATTTTGAATTACAA 


606 




GTATCGGCTAGCCTATC 


607 




GATAGGCTAGCCGATAC 


ROft 

UVJO 


Retinoblastoma 
Arg661Trp 
CGG to TGG 


MTGMCAGTAAAMTGACTMTTTTTCTTATTCCCACAGTGTA 
TCGGCTAGCCTATCTCCGGCTAAATACACTTTGTGAACGCCT 

TATAT^TA A A A A A Art AAA a t 1 a /"> a a ^\ A A TA A 

TCTGTCTGAGCACCCAGAATTAGAACATATCATCT 






AGATGATATGTTCTAATTCTGGGTGCTCAGACAGAAGGCGTT 
CACAAAGTGTATTTAGCCGGAGATAGGCTAGCCGATACACTG 

A/"> » ata A A A A A A A 1 1 A A TTTTT A ATA1 'I'A ATT 

TGGGAATAAGAAAAATTAGTCAl 1 1 1 lACTGTTCATT 


610 




CCTATCTCCGGCTAAAT 


611 




ATTTAGCCGGAGATAGG 


612 


Retinoblastoma 

Leu662Pro 

CTAtoCCA 


MCAGTAAAMTGACTMTTTTTCTTATTCCCACAGTGTATCG 
GCTAGCCTATCTCCGGCTAAATACACTTTGTGAACGCCTTCT 
GTCTGAGCACCCAGAATTAGAACATATCATCTGGAC 


613 
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Clinical Phenotype& 
Mutation 


Correcting Oiigos 


SEQID 

: NO: 




GTCCAGATGATATGTTCTAATTCTGGGTGCTCAGACAGAAGG 
CGTTCACAAAGTGTATTTAGCCGGAGATAGGCTAGCCGATAC 
ACTGTGGGAATAAGAAAAATTAGTCA 1 1 1 1 IACTGTT 


614 


TCTCCGGCTAAATACAC 


615 


GTGTATTTAGCCGGAGA 


616 


Retinoblastoma 

Glu675Term 

GAAtoTAA 


TATCGGCTAGCCTATCTCCGGCTAAATACACTTTGTGAACGC 
CTTCTGTCTGAGCACCCAGAATTAGAACATATCATCTGGACC 
CTTTTCCAGCACACCCTGCAGAATGAGTATGAACTCA 


617 


TGAGTTCATACTCATTCTGCAGGGTGTGCTGGAAAAGGGTCC 
AGATGATATGTTCTAATTCTGGGTGCTCAGACAGAAGGCGTT 
CACAAAGTGTATTTAGCCGGAGATAGGCTAGCCGATA 


618 


AGCACCCAGAATTAGAA 


619 


TTCTAATTCTGGGTGCT 


620 


Retinoblastoma 

Gln685Pro 

CAGtoCCG 


TTTGTGAACGCCTTCTGTCTGAGCACCCAGAATTAGAACATA 
TCATCTGGACCCI 1 1 1 CCAGCACACCCTGCAGAATGAGTATG 
AACTCATGAGAGACAGGCATTTGGACCAAGTAAGAAA 


621 


TTTCTTACTTGGTCCAAATGCCTGTCTCTCATGAGTTCATACT 
CATTCTGCAGGGTGTGCIGGAAAAGGGTCCAGATGATATGTT 
CTAATTCTGGGTGCTCAGACAGAAGGCGTTCACAAA 


622 


CCTTTTCCAGCACACCC 


623 


GGGTGTGCTGGAAAAGG 


624 


Retinoblastoma 

Cys706Tyr 

TGTtoTAT 


AAMCCATGTMTAAMnCTGACTACTTTTACATCAATTTATT 
TACTAGATTATGATGTGTTCCATGTATGGCATATGCAAAGTGA 
AGAATATAGACCTTAAATTCAAAATCATTGTAAC 


625 


Gl IACAAIGAI 1 1 IGAAI 1 IAAGGICIAIAI ICI ICACI 1 IGCA 
TATGCCATACATGGAACACATCATAATCTAGTAAATAAATTGA 
TGTAAMGTAGTCAGMTTTTATTACATGGTTTT 


626 


TATGATGTGTTCCATGT 


627 


ACATGGAACACATCATA 


628 


Retinoblastoma 

Cys712Arg 

TGCtoCGC 


1 ICIGACIACI 1 1 IACAICAAI 1 IAI 1 1 AC 1 AGATI A 1 GA 1 G 1 G 
TTCCATGTATGGCATATGCAAAGTGAAGAATATAGACCTTAAA 
TTCAAAATCATTGTAACAGCATACAAGGATCTTC 


629 


GMGATCCTTGTATGCTGTTACAATGATTrTGAATTTAAGGTC 
TATATTCTTCACTTTGCATATGCCATACATGGAACACATCATA 
ATCTAGTAAATAMTTGATGTAAAAGTAGTCAGAA 


630 
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Clinical Phenotype & : 
Mutation 


is- s v 

Corrective! Olloos v * % : . 


NO: 




ATGGCATAIGCAAAGTG 


631 


CACTTTGCATATGCCAT 


632 


Retinoblastoma 

Tyr728Term 

TACtoTAA 


GTATGGCATATGCAAAGTGAAGAATATAGACCTTAAATTCAAA 
ATCATTGTAACAGCATA£AAGGATCTTCCTCATGCTGTTCAG 
GAGGTAGGTAAI 1 1 ICCAIAGIAAGI 1 1 1 1 1 IGATA 


633 

Www 


TATCAAAAAAACTTACTATGGAAAATTACCTACCTCCTGAACA 
GCATGAGGAAGATCCTTGTATGCTGTTACAATGA 1 1 1 IGAATT 
TAAGGTCTATATTCTTCACTTTGCATATGCCATAC 


634 


ACAGCATACAAGGATCT 


635 


AGATCCTTGTATGCTGT 


636 

www 


Retinoblastoma 
Glu748Term 
GAG to TAG 


1 1 1 1 1 1 1 1 1 1 II 1 1 IACTGTTCTTCCTCAGACATTCAAACGTGT 

TTTGATCAAAGAAGAGGAGTATGATTCTATTATAGTATTCTATA 

ACTCGGTCTTCATGCAGAGACTGAAAACAAATA 


637 

WW' 


TATnGTTTTCAGTCTCTGCATGAAGACCGAGTTATAGAATAC 
TATAATAGAATCATACTCCTCnCTTTGATCAAAACACGTTTGA 
ATGTCTGAGGAAGAACAGTAAAAAAAAAAAAAAA 


638 


AAGAAGAGGAGTATGAT 


639 


ATCATACTCCTCTTCTT 

/» 1 w/i 1 nu i ww i w I I w I I 


640 


Retinoblastoma 

Gln762Term 

CAGtoTAG 


GTTTTGATCAAAGAAGAGGAGTATGATTCTATTATAGTATTCT 

ATAACTCGGTCTTCATGCAGAGACTGAAAACAAATATTTTGCA 

GTATGCTTCCACCAGGGTAGGTCAAAAGTATCCTT 


641 


AAGGATACTTTTGACCTACCCTGGTGGAAGCATACTGCAAAA 
TATTTGTTTTCAGTCTCTGCATGAAGACCGAGTTATAGAATAC 
TATAATAGAATCATACTCCTCTTCTTTGATCAAAAC 


642 


TCTTCATGCAGAGACTG 


643 


CAGTCTCTGCATGAAGA 


644 


Retinoblastoma 

Arg787Term 

CGA-TGA 


IAAICIACI 1 1 1 1 IGI 1 1 1 IGCICIAGCCCCCIACCl IGICAC 

CAATACCTCACATTCCTCGAAGCCCTTACAAGTTTCCTAGTTC 

ACCCTTACGGATTCCTGGAGGGAACATCTATATTT 


645 


AAATATAGATGTTCCCTCCAGGAATCCGTAAGGGTGAACTAG 
GAAACTTGTAAGGGCTTCGAGGAATGTGAGGTATTGGTGACA 
AGGTAGGGGGCTAGAGCAAAAACAAAAAAGTAGAnA 


646 


ACATTCCTCGAAGCCCT 


647 


AGGGCTTCGAGGAATGT 


648 
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. Correcting Oiigos 


SEC 

NO: 


Retinoblastoma 

Ser816Term 

TCAtoTGA 


CCTTACGGATTCCTGGAGGGAACATCTATATTTCACCCCTGA 
AGAGTCCATATAAAATTTCAGAAGGTCTGCCAACACCAACAA 
AAATGACTCCAAGATCAAGGTGTGTGTTTTCTCTTTA 


649 




TAAAGAGAAAACACACACCTTGATCTTGGAGTCATTTTTGTTG 

GTGTTGGCAGACCTTCTGAAATTTTATATGGACTCTTCAGGG 

GTGAAATATAGATGTTCCCTCCAGGAATCCGTAAGG 


650 




TAAAATTTCAGAAGGTC 


651 




GACCTTCTGAAATTTTA 


652 



EXAMPLE 8 

BRCA1 and BRCA2 

Breast cancer is the second major cause of cancer death in American women, with an 
estimated 44,190 lives lost (290 men and 43,900 women) in the US in 1997. While ovarian cancer 
accounts for fewer deaths than breast cancer, it still represents 4% of all female cancers. In 1 994, two 
breast cancer susceptibility genes were identified: BRCA1 on chromosome 17 and BRCA2 on 
chromosome 13. When a woman carries a mutation in either BRCA1 or BRCA2, she is at increased risk 
of being diagnosed with breast or ovarian cancer at some point in her life. 

Ford ef a/., Am. J. Hum. Genet 62: 676-689 (1998) assessed the contribution of BRCA1 
and BRCA2 to inherited breast cancer by linkage and mutation analysis in 237 families, each with at least 
4 cases of breast cancer. Families were included without regard to the occurrence of ovarian or other 
cancers. Overall, disease was linked to BRCA1 in an estimated 52% of families, to BRCA2 in 32% of 
families, and to neither gene in 16%, suggesting other predisposition genes. The majority (81%) of the 
breast-ovarian cancer families were due to BRCA1 , with most others (1 4%) due to BRCA2. Conversely, 
the majority (76%) of families with both male and female breast cancer were due to 
BRCA2. The largest proportion (67%) of families due to other genes were families with 4 or 5 cases of 
female breast cancer only. 

More than 75% of the reported mutations in the BRCA1 gene result in truncated proteins. 
Couch ef a/., Hum. Mutat 8: 8-1 8, 1 996. (1 996) reported a total of 254 BRCA1 mutations, 1 32 (52%) of 
which were unique. A total of 221 (87%) of all mutations or 1 07 (81 %) of the unique mutations are small 
deletions, insertions, nonsense point mutations, splice variants, and regulatory mutations that result in 
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truncation or absence of the 6RCA1 protein. A total of 1 1 disease-associated missense mutations (5 
unique) and 21 variants (19 unique) as yet unclassified as missense mutations or polymorphisms had 
been detected. Thirty-five independent benign polymorphisms had been described. The most common 
mutations were 185delAG and 5382insC, which accounted for 30 (11.7%) and 26 (10.1%), respectively, 
of all the mutations. 

Most BRCA2 mutations are predicted to result in a truncated protein product The 
smallest known cancer-associated deletion removes from the C terminus only 224 of the 3,41 8 residues 
constituting BRCA2, suggesting that these terminal amino acids are critical for BRCA2 function. Studies 
(Spain ef a/ M Proc. Natl. Acad. Sci. 96:13920-13925 (1999)) suggest that such truncations eliminate or 
interfere with 2 nuclear localization signals that reside within the final 156 residues of BRCA2, suggesting 
that the vast majority of BRCA2 mutants are nonfunctional because they are not translocated into the 
nucleus. 

The attached table discloses the correcting oligonucleotide base sequences for the 
BRACA1 and BRACA2 oligonucleotides of the invention. 



Table 14 

BRCA1 Mutations and Genome-Correcting Oligos 



Clinical Phenotype & 






Breast Cancer 
Met-1-lle 
ATG to ATT 


CTGCGCTCAGGAGGCCTTCACCCTCTGCTCTGGGTAAAGTT 
CATTGGAACAGAMGAAATGGATTTATCTGCTCTTCGCGTTG 
AAGAAGTACAAAATGTCATTAATGCTATGCAGAAAATC 


653 




GATTTTCTGCATAGCATTMTGACATTTTGTACTTCTTCAACG 
CGMGAGCAGATAAATCCATTTCTTTCTGTTCCAATGAACTTT 
ACCCAGAGCAGAGGGTGAAGGCCTCCTGAGCGCAG 


654 




AAAGAAATGGATTTATC 


655 




GATAAATCCATTTCTTT 


656 


Breast Cancer 

Val-11-Ala 

GTAtoGCA 


CTGGGTAAAGTTCATTGGAACAGAAAGAAATGGATTTATCTG 

CTCTTCGCGTTGAAGAAGTACAAAATGTCATTAATGCTATGCA 

GAAMTCTTAGAGTGTCCCATCTGTCTGGAGTTGAT 


657 




ATCAACTCCAGACAGATGGGACACTCTAAGATTTTCTGCATA 

GCATTAATGACATTTTGTACTTCTTCAACGCGAAGAGCAGATA 

MTCCATTTCTTTCTGTTCCAATGAACTTTACCCAG 


658 




TGAAGAAGTACAAAATG 


659 
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; ' - • . 

Correcting Oligos 


SEQID 

NO: 




CATTTTGTACTTCTTCA 


660 


Breast Cancer 
lle-21-Val 

ATP to fiTP 


ATGGATTTATCTGCTCTTCGCGTTGAAGAAGTACAAAATGTCA 

TTAATGCTATGCAGAAAATCTTAGAGTGTCCCATCTGTCTGG 

AfTTTfiATPAAfifiAAPPTfiTPTPPAPAAAfiTGTfiAPP 


661 


GGTCACACTTTGTGGAGACAGGTTCCTTGATCAACTCCAGAC 
AGATGGGACACTCTAAGAITTTCTGCATAGCATTAATGACATT 
TTGTACTTCTTCAACGCGAAGAGCAGATAAATCCAT 


662 


TGCAGAAAATCTTAGAG 


663 


CTCTAAGATTTTCTGCA 


664 


Breast Cancer 
Leu-22-Ser 

TTA + n Tf* A 
11 f\ 10 1 OA 


ATTTATCTGCTCTTCGCGTTGAAGAAGTACAAAATGTCATTAA 
TGCTATGCAGAAAATCTTAGAGTGTCCCATCTGTCTGGAGTT 

ftATPAAPPAAPPTPTPTPPAPAAAfiTfiTPAPPAPAT 


665 


ATGTGGTCACACTTTGTGGAGACAGGTTCCTTGATCAACTCC 
AGAC AGATGGGACACTCTAAGA 1 1 1 1 CTGCATAGCATTAATG 
ACATTTTGTACTTCTTCAACGCGAAGAGCAGATAAAT 


666 


GAAAATCTIAGAGTGTC 


667 


GACACTCTAAGATTTTC 


668 


Breast Cancer 
Cys-39-Tyr 

T^T in TAT 


AGAAAATCTTAGAGTGTCCCATCTGTCTGGAGTTGATCAAGG 

MCCTGTCTCCACAMGTGTGACCACATATTTTGCAAATTTTG 
r jymrTa a a a PTTfTP a a rr a ft a a ft a a a ftftftmrr 


669 


GAAGGCCCTTTCTTCTGGTTGAGAAGTTTCAGCATGCAAAAT 
TTGCAAAATATGTGGTCACACTTTGTGGAGACAGGTTCCTTG 
ATCAACTCCAGACAGATGGGACACTCTAAGATTTTCT 


670 


CACAAAGTGTGACCACA 


671 


TGTGGTCACACTTTGTG 


672 


Breast Cancer 

Cys-61-Gly 

TGTtoGGT 


CACATATTTTGCAAATTTTGCATGCTGAAACTTCTCAACCAGA 
AGAAAGGGCCTTCACAGTGTCCTTTATGTAAGAATGATATAAC 
CAAAAGGAGCCTACAAGAAAGTACGAGATTTAGTC 


673 


GACTAAATCTCGTACTTTCTTGTAGGCTCCTnTGGTTATATC 
ATTCTTACATAAAGGACACTGTGAAGGCCCTTTCTTCTGGTT 
GAGAAGTTTCAGCATGCAAAATTTGCAAAATATGTG 


674 


CTTCACAGTGTCCTTTA 


675 


TAAAGGACACTGTGAAG 


676 
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SEQID 

NO; 


breast Lancer 

Leu-63-Stop 

TTAtoTAA 


TTTOP A A ATTTTOP UTOOTP AAA ^TTOT^ A A A /"> A A A A A /"^O 

THbCAAAl 1 1 1 bCATbVrbAMCTTCTCMCCAb7\AGAAAGG 
GCCTTCACAGTGTCCTTTATGTAAGAATGATATAACCAAAAGG 
AGCCTACAAGAAAGTACGAGATTTAGTCAACTTGT 


677 




ACMGTTGACTAAATCTCGTACTTTCTTGTAGGCTCCTTTTGG 
TTATATCATTCTTACATAAAGGACACTGTGAAGGCCCTTTCTT 
CTGGTTGAGAAGTTTCAGCATGCAAAATTTGCAAA 


678 




GTGTCCTTIATGTAAGA 


679 




TAI 1 A/^ATA A A r*r* A /"^ A 

TCTTACATAAAGGACAC- 


680 


Breast Cancer 
Cys-64-Arg 

Ibl tO Obi 


TGCAMTTTTGCATGCTGAAACTTCTCAACCAGAAGAAAGGG 
CCTTCACAGTGTCCTTTATGTAAGAATGATATAACCAAAAGGA 

bOOl AUAAbAAAblAuuAbAI I lAblCAAOl Ibi lb 


681 


Breast Cancer 

Cys-64-Gly 

TGTtoGGT 


CMCMGTTGACTAMTCTCGTACTTTCnGTAGGCTCCTTTT 
GGTTATATCATTCTTACATAAAGGACACTGTGAAGGCCCTTTC 

TTrTn^TTnA^AAnTTTrAf^rAT^PAAAATTTfiPA 
1 Iwl OO 1 I OAVJrvWJ 1 I 1 OnOwn 1 Ounnnn 1 1 1 OOr\ 


682 




GTCCTTTATGTAAGAAT 


683 




ATTCTTACATAAAGGAC 


684 


Breast Cancer 

Cys-64-Tyr 

TGTtoTAT 


f^f^h A A TTTT/>/> AT/^/^T/^ A A A OTT/^TO A A /*N/*> A /"^ A A /""\ AAA /%/>r>n 

GCAAAl 1 1 IGCATGCTGAAACTTCTCAACCAGAAGAAAGGGC 
CTTCACAGTGTCCTTTATGTAAGAATGATATAACCAAMGGAG 
CCTACAAGAAAGTACGAGATTTAGTCAACTTGTTGA 


685 




TCAACAAGTTGACTAAATCTCGTACTTTCTTGTAGGCTCCTTT 
TGGTTATATCATTCTTACATAMGGACACTGTGAAGGCCCTTT 
CTTCTGGTTGAGMGTTTCAGCATGCAAAATTTGC 


686 




TCCTTTATGTAAGAATG 


687 




LA N L ITACA 1 AAAbbA 




breast Lancer 

Gln-74-Stop 

CAAtoTAA 


LAbAAbAAAbbbLL 1 ILALAbl b 1 CLT1 TATb 1 AAbAATbAT 
ATAACCAAAAGGAGCCTACAAGAAAGTACGAGATTTAGTCAA 
CTTGTTGAAGAGCTATTGAAAATCATTTGTGCTTTTC 


con 
689 




GAAAAGCACAAATGATTTTCAATAGCTCTTCAACAAGTTGACT 
AMTCTCGTACTTTCTTGTAGGCTCCTnTGGTTATATCATTCT 
TACATAAAGGACACTGTGAAGGCCCTTTCTTCTG 


690 




GGAGCCTACAAGAAAGT 


691 




ACTTTCTTGTAGGCTCC 


692 



WO 01/73002 



-87- 



PCT/US01/09761 



CiinicalPhenofypeS 
j Mutation : i - ; : 


Corr cting oiigos 


NO: 


Breast Cancer 
Tyr-105-Cys 

TAT tr* TfiT 


AGCTATTGAAMTCATTTGTGCTTTTCAGCTTGACACAGGTTT 
GGAGTATGCAAACAGCTATAATTrTGCAAAAAAGGAAAATAAC 

TPTPPTftAAPATPTAAAAftATftAArSTTTPTATPAT 
1 w 1 w w 1 w"AAwA 1 w 1 AMAMoA 1 VaMnO i 1 1 L» 1 M 1 wM 1 


693 


ATGATAGAMCTTCATCTTTTAGATGTTCAGGAGAGTTATTTT 
CCI 1 1 1 1 1 GCAAAATTATAGCTGTTTGCATACTCCAAACCTGT 
GTCAAGCTGAAAAGCACAAATGATTTTCAATAGCT 


694 


AAACAGCTATAATTTTG 


695 


CAAAATTATAGCTGTTT 


696 


Breast Cancer 
Asn-158-Tyr 

AAP *a TAP 
AAw u) 1 Aw 


CTACAGAGTGAACCCGAAAATCCTTCCTTGCAGGAAACCAGT 
CTCAGTGTCCAACTCTCTAACCTTGGAACTGTGAGAACTCTG 

AP/^APAAA^PAPPf^ATAPAAPPTPAAAA^APfiTPTP 
AooAuAAAooAoUVJoA 1 AwAAww 1 wAAAAvaAw o 1 w 1 o 


697 


CAGACGTCTTTTGAGGTTGTATCCGCTGCTTTGTCCTCAGAG 
TTCTCACAGTTCCAAGGTTAGAGAGTTGGACACTGAGACTGG 
TTTCCTGCAAGGAAGGATTTTCGGGTTCACTCTGTAG 


698 


AACTCTCTAACCTTGGA 


699 


TCCAAGGTTAGAGAGTT 


700 


Breast Cancer 

Gln-169-Stop 

pap * rt tap 
wAotO lAb 


GAAACCAGTCTCAGTGTCCAACTCTCTAACCTTGGAACTGTG 
AGAACTCTGAGGACAAAGCAGCGGATACAACCTCAAAAGAC 

PTPTPTfT A P ATTf* A ATTPPP ATPTP ATTPTTPTP A A P 

blUlblU! AuAl 1 uAAl I obbA 1 o 1 vpA 1 1 U 1 1 w 1 oAAo 


701 


CTTCAGAAGAATCAGATCCCAATTCAATGTAGACAGACGTCTT 

TTGAGGTTGTATCCGCTGCTTTGTCCTCAGAGTTCTCACAGT 

TCrAAGGTTAGAGAGTTGGACACTGAGAGTGGTTTC 


702 


GGACAAAGCAGCGGATA 


703 


TATCCGCTGCTTTGTCC j 


704 


Breast Cancer 
Trp-353-Stop 

loo 10 lAb 


CTCCCAGCACAGAAAAAAAGGTAGATCTGAATGCTGATCCCC 
TGTGTGAGAGAAAAGAATGGAATAAGCAGAAACTGCCATGCT 

PA^A^AATPPTA^Ar^ATAPTriAA^ATl^TTPPTTC^AT 
wAoAvjAA 1 w w 1 AoAvjA 1 Aw 1 0AA0A I V3 1 Iwwl IwMI 


705 


ATCCAAGGAACATCTTCAGTATCTCTAGGATTCTCTGAGCAT 
GGCAGT7TCTGCTTATTCCA7TCTTTTCTCTCACACAGGGGAT 
CAGCATTCAGATCTACCI 1 1 1 1 1 1 CTGTGCTGGGAG 

v/lvwn 1 1 W/»v^/i 1 W 1 #»WW 1 1 1 1 1 ■ 1 W 1 1 WW I wvvJlv 


706 


AAAAGAATGGAATAAGC 


707 


GCTTATTCCATTCTTTT 


708 


Breast Cancer 

lle-379-Met 

ATTtoATG 


ATGCTCAGAGAATCCTAGAGATACTGAAGATGTTCCTTGGAT 

AACACTAAATAGCAGCATTCAGAAAGTTAATGAGTGGTTTTCC 

AGAAGTGATGAACTGTTAGGTTCTGATGACTCACAT 


709 



WO 01/73002 



-88- 



PCT/US01/09761 



Clinical Phenofype & 




SEQID 

/ ■ 




ATGTGAGTCATCAGMCCTAACAGTTCATCACTTCTGGAAAAC 

CACTCATTAACTTTCTGAATGCTGCTATTTAGTGTTATCCAAG 

GAACATCTTCAGTATCTCTAGGATTCTCTGAGCAT 


710 




AGCAGCATTCAGAAAGT 


711 


— 1 — — 


ACTTTCTGAATGCTGCT 


712 


Breast Cancer 

Glu-421-Gly 

GAAtoGGA 


GGGAGTCTGAATCAAATGCCAAAGTAGCTGATGTATTGGACG 
TTCTAAATGAGGTAGATGAATATTCTGGTTCTTCAGAGAAAAT 
AGACTTACTGGCCAGTGATCCTCATGAGGCTTTAAT 


713 




ATTAAAGCCTCATGAGGATCACTGGCCAGTAAGTCTATTTTCT 
CTGAAGAACCAGAATATTCATCTACCTCATTTAGAACGTCCAA 
TACATCAGCTACTTTGGCATTTGATTCAGACTCCC 


714 




GGTAGATGAATATTCTG 


715 




CAGAATATTCATCTACC 


716 


Breast Cancer 

Phe-461-Leu 

TTTtoCTT 


A A ^T^N^P A A A A ^^^P^^ AAA A ' F 1 1 A ^V^P^^ ^\ AAA ^"^N A A A A A 

ATATGTAAAAGTGAAAGAGTTCACTCCAAATCAGTAGAGAGTA 

ATATTGAAGACAAAATATTTGGGAAAACCTATCGGAAGAAGG 

CAAGCCTCCCCAACTTAAGCCATGTAACTGAAAATC 


717 




GAI 1 1 ICAGTTACATGGCTTAAGTTGGGGAGGCTTGCCTTCT 
TCCGATAGGI 1 1 lCCCAAATAnTTGTCTTCAATATTACTCTCT 
ACTGATTTGGAGTGAACTCTTTCAC 1 1 1 1 AC AT AT 


718 




ACAAAATAJTTGGGAAA 


719 


===== 


"r"'I A A A T/l TT"^AT 

TTTCCCAAATAI 1 1 IGT 


720 


Breast Cancer 
Tyr-465-Leu 
TAT to GAT 


/"N AAA A ATTA A /^T*/%^\ A A AT^N A i"VT* A A /"\ A fNT A ATA t 1 A A A ^\ 

GAAAGAGTTCACTCCAAATCAGTAGAGAGTAATATTGAAGAC 

AAAATATTTGGGAAAACCTATCGGAAGAAGGCAAGCCTCCCC 

AACTTAAGCCATGTAACTGAAAATCTAATTATAGGAG 


721 




CTCCTATMTTAGATTTTCAGTTACATGGCTTMGTTGGGGAG 
GCTTGCCTTCTTCCGATAGGTTTTCCCAAATATTTTGTCTTCA 
ATATTACTCTCTACTGATTTGGAGTGAACTCTTTC 


722 




GGAAAACCTATCGGAAG 


723 




PTTO^P ATA ^TTTT^ 

CTTCCGATACsG 1 1 1 1 CC 


724 


Breast Cancer 

Gly-484-Stop 

GGAtoTGA 


ACCTATCGGAAGAAGGCAAGCCTCCCCAACTTAAGCCATGTA 
ACTGAAAATCTAATTATAGGAGCATTTGTTACTGAGCCACAGA 
TAATACAAGAGCGTCCCCTCACAAATAAATTAAAGC 


725 




GCTTTAATTTATTTGTGAGGGGACGCTCTTGTATTATCTGTGG 
CTCAGTAACAAATGCTCCTATMTTAGA 1 1 1 ICAGTTACATGG 
CTTAAGTTGGGGAGGCTTGCCTTCTTCCGATAGGT 


726 



WO 01/73002 



-89- 



PCT/US01/09761 



^ Clinical Phenotype & 


; ; * Correcting Oiigos ' 

- - 


SEQiO 




TAATTATAGGAGCATTT 


727 




AAATGCTCCTATAATTA 


728 


Breast Cancer 
Arg-507-lle 

AftA fn ATA 


TTACTGAGCCACAGATAATACAAGAGCGTCCCCTCACAAATA 
AATTAAAGCGTAAAAGGAGACCTACATCAGGCCTTCATCCTG 

AftftATTTTATPA Aft A A A^PA/^ATTTY^PA^TTPA AAA 
MUwM 1 1 1 IMI wMMwMHMwuAwM 1 1 I ooUAo 1 1 UAAAA 


729 




TTTTGAACTGCCAAATCTGCTTTCTTGATAAAATCCTCAGGAT 
GMGGCCTGATGTAGGTCTCCTTTTACGCTTTAATTTATTTGT 
GAGGGGACGCTCTTGTATTATCTGTGGCTCAGTAA 

wnvi* w*»w WW i w i l w 1 •» 1 l n l v/ 1 1 www 1 W/*w 1 nn 


730 




TAAAAGGAGACCTACAT 


731 




ATGTAGGTCTCCI 1 1 IA 


732 


Breast Cancer 
Ser-510-Stop 

TP A tn TftA 
1 wf\ \!J i Vjn 


CACAGATAATACAAGAGCGTCCCCTCACAAATAAATTAAAGC 

GTAAAAGGAGACCTACATCAGGCCTTCATCCTGAGGATTTTA 
TP A A a, A A A rtiP a n ATTTri pp a pttp a a a a p a nrpTr a 

l wMHwMAMwwMwA 1 1 1 bbOAo 1 1 wAAAAoAw 1 ww 1 On 


733 




TCAGGAGTCTTTTGAACTGCCAAATCTGCTTTCTTGATAAAAT 
CCTCAGGATGAAGGCCTGATGTAGGTCTCCTTTTACGCTTTA 
ATTTATTTGTGAGGGGACGCTCTTGTATTATOTGTG 

r\i i i *» i i i w i wr"Vw w w yjnw w w iwl i u ini mi Ululvj 


734 




ACCTACATCAGGCCTTC 


735 




GAAGGCCTGATGTAGGT 


736 


Breast Cancer 
Gln-526-Stop i 

PAA tn TAA 
OHM LO I MM 


AGGAGACCTACATCAGGCCTTCATCCTGAGGATTTTATCAAG 
AAAGCAGATTTGGCAGTTCAAAAGACTCCTGAAATGATAAATC 

A fcfiri A A PTA A A A A PPP A A P A ATPP*TP A A r^Tr 1 A 


737 




TCACTTGACCATTCTGCTCCGTTTGGTTAGTTCCCTGATTTAT 
CATTTCAGGAGTCTTTTGMCTGCCAMTCTGCTTTCTTGATA 
AAATCCTCAGGATGAAGGCCTGATGTAGGTCTCCT 

* •» wi i WW I v/»\jw/l i W/wiW W WW 1 1 \^ 1 RvVJ 1 W 1 W V/ 1 


738 




TGGCAGTTCAAAAGACT 


739 




AGTC7TTTGAACTGCCA 


740 


Breast Cancer 

Gln-541-Stop 

CAGtoTAG 


AGGAGACCTACATCAGGCCTTCATCCTGAGGATTTTATCAAG 

AAAGCAGATTTGGCAGTTCAAAAGACTCCTGAAATGATAAATC 

AGGGAACTAACCAAACGGAGCAGAATGGTCAAGTGA 


741 




TCACTTGACCATTCTGCTCCGTTTGGTTAGTTCCCTGATTTAT 
CATTTCAGGAGTCTTTTGAACTGCCAAATCTGCTnCTTGATA 
AAATCCTCAGGATGAAGGCCTGATGTAGGTCTCCT 


742 




AAACGGAGCAGAATGGT 


743 




ACCATTCTGCTCCGTTT 


744 



WO 01/73002 



-90- 



PCT/US01/09761 



Ciiiiical Phenotype &? 
V Mutation " 


• - : : Correcting Oligos - ^ ; v 


SEQID 
Ian. 

"7 AC 


Breast Cancer 

Gly-552-Val 

GGTtoGTT 


TA A ATP A Clfcft A APT A A PP A A A PPP A A r± A ATPPTP A A PTP A 
I nnn 1 L»AV30uAAu 1 AAUOAAAOovaAoU AoAA 1 bo 1 uAAo 1 oA 

TGMTATTACTAATAGTGGTCATGAGAATAAAACAAAAGGTGA 
TTCTATTCAGAATGAGAAAAATCCTAACCCAATAGA 


TCTATTGGGTTAGGATTTTTCTCATTCTGAATAGAATCACCTTT 
TGTTTTATTCTCATGACCACTATTAGTAATA7TCATCACTTGAC 
CATTCTGCTCCGtTTGGTTAGTTCCCTGATTTA 


746 


TAATAGTGGTCATGAGA 


747 


TPTPATf^APPAPTATTA 
1 U I UA 1 oAUU Au 1 A 1 1 A 


748 


Breast Cancer 

Gln-563-Stop 

CAGtoTAG 


ftfTTPA AtnT^ATOA AT ATT APT A ATA OTP PTP A TP AP A ATA AAA 
\j\d 1 U AAo 1 VjA 1 oAA I A II AU 1 AA 1 Av3 1 uo 1 OA 1 VjAvjAA 1 AAAA 

CAAAAGGTGATTCTATTCAGAATGAGAAAAATCCTAACCCAAT 
AGAATCACTCGAAAAAGAATCTGCTTTCAAAACGA 


749 


TCGTTTTGAMGCAGATTCTTTTTCGAGTGATTCTATTGGGTT 
AGGAI 1 1 1 1 CTCATTCTG AATAGMTCACCTTTTGTnTATTCT 
CATGACCACTATTAGTAATATTCATCACTTGACC 


750 


AnCTATTCAGAATGAG 


751 


PTP ATTPT/1 A AT A OA AT 
\j 1 uA 1 1 w 1 u AA 1 AoAA 1 


752 


Ovarian Cancer 

Lys-607-Stop 

AAAtoTAA 


ATA AOPAOPAPTATA APPAATATPPA AOTr^AATTA A ATATOO 

A 1 AAoOAoUAo 1 A J AAbUAA 1 A 1 bbAAO 1 ObAA 1 I AAATATGL 
ACAATTCAAAAGCACCTAAAAAGAATAGGCTGAGGAGGAAGT 
CTTCTACCAGGCATATTCATGCGCTTGAACTAGTAG 


753 


CTACTAGTTCAAGCGCATGAATATGCCTGGTAGAAGACTTCC 
TCCTCAGCCTATTCTTTTTAGGTGCTT7TGMTTGTGGATATT 
TAATTCGAGTTCCATATTGCTTATACTGCTGCTTAT 


754 


AAGCACCTAAAAAGAAT 


755 


ATTP \ TTTTAftnTOPTT 
nl loll i i Jr\v30 1 1 1 


/ob 


Breast Cancer 

Leu-639-Stop 

TTGtoTAG 


ATATTnATfiPftPTTftAAPTAfVrAftTPAfVTAOAAATPTAAOPPP 

ACCTAATTGTACTGAATTGCAAATTGATAGTTGTTCTAGCAGT 
GAAGAGATAAAGAAAAAAMGTACAACCAAATGCC 


(Of 


GGCATTTGGTTGTAC 1 1 1 1 1 1 1 1 CTTTATCTCTTCACTGCTAGA 
ACAACTATCAATTTGCAATTCAGTACAATTAGGTGGGCTTAGA 
TTTCTACTGACTACTAGTTCAAGCGCATGAATAT 


758 


TACTGAATTGCAAATTG 


759 


CAATTTGCAATTCAGTA 


760 


Breast Cancer 

Asp-693-Asn 

GACtoAAC 


GAACCTGCAACTGGAGCCAAGAAGAGTAACAAGCCAAATGAA 
CAGACAAGTAAAAGACATGACAGCGATACTTTCCCAGAGCTG 
AAGTTAACAAATGCACCTGGTTCTTTTACTAAGTGTT 


761 



WO 01/73002 



-91- 



PCT/US01/09761 



Clinical Phenotype& 
Mutation 


Correcting Oligos 

— — . '• — - ... '' 


SEQ ID 

NO: 




AACACTTAGTAAAAGAACCAGGTGCATTTGTTAACTTCAGCTC 
TGGGAMGTATCGCTGTCATGTCTTTTACTTGTCTGTTCATTT 
GGCTTGTTACTCTTCTTGGCTCCAGTTGCAGGTTC 


762 




AAAGACATGACAGCGAT 


763 




ATCGCTGTCATGTCTTT 


764 


Ovarian Cancer 
Glu-720-Stop 
GAA to TAA 


CTGAAGnAACAAATGCACCTGGTTCTTTTACTAAGTGTTCAA 
ATACCAGTGAACTTAAAGAATTTGTCAATCCTAGCCTTCCAAG 
AGAAGAAAAAGAAGAGAAACTAGAAACAGTTAAAG 


765 




CTTTAACTG If 10 f AG 1 ITCTCTTCI 1 1 1 ICI 1 C 1 C ITGGAAGG 
CTAGGATTGACAAAnCTTTAAGTTCACTGGTATTTGAACACT 
TAGTAAAAGAACCAGGTGCATTTGTTAACTTCAG 


766 




AACTTAAAGAATTTGTC 


767 




GACAAATTCTTTAAGTT 


768 


Breast Cancer 
Glu-755-Stop 
GAA to TAA 


CTAGAAACAGTTAAAGTGTCTAATAATGCTGAAGACCCCAAA 
GATCTCATGTTAAGTGGAG AAAGGG 1 1 1 1 GCAAACTGAAAGA 
TCTGTAGAGAGTAGCAGTATTTCATTGGTACCTGGTA 


769 




TACCAGGTACCAATGAAATACTGCTACTCTCTACAGATCTTTC 
AGTTTGCAAAACCCTTTCTCCACTTAACATGAGATCTTTGGGG 
TCTTCAGCATTATTAGACACTTTAACTGTTTCTAG 


770 




TAAGTGGAGAAAGGGTT 


771 




AACCCTTTCTCCACTTA 


772 


Breast Cancer 

Ser-770-Stop 

TCAtoTAA 


TCATGTTAAGTGGAGAAAGGGTTTTGCAAACTGAMGATCTG 
TAGAGAGTAGCAGTATTTCATTGGTACCTGGTACTGATTATG 
GCACTCAGGAAAGTATCTCGTTACTGGAAGTTAGCAC 


773 




GTGCTAACTTCCAGTAACGAGATACTTTCCTGAGTGCCATAA 
TCAGTACCAGGTACCAATGAAATACTGCTACTCTCTACAGAT 
CTTTCAGTTTGCAAAACCCTTTCTCCACTTAACATGA 


774 




CAGTATTTCATTGGTAC 


775 




GTACCAATGAAATACTG 


776 


Breast Cancer 

Val-772-Ala 

GTAtoGCA 


TAAGTGGAGAAAGGGTTTTGCAAACTGAAAGATCTGTAGAGA 
GTAGCAGTATTTCATTGGTACCTGGTACTGATTATGGCACTC 
AGGAAAGTATCTCGTTACTGGAAGTTAGCACTCTAGG 


777 




CCTAGAGTGCTAACTTCCAGTAACGAGATACTTTCCTGAGTG 

CCATAATCAGTACCAGGTACCAATGAAATACTGCTACTCTCTA 

CAGATCTTTCAGTTTGCAAAACCCTTTCTCCACTTA 


778 



WO 01/73002 



-92- 



PCT/USOt/09761 



Clinical Phenotype & 




SEQID 




TTCATTGGTACCTGGTA 


779 


TAPPAGGTAPPAATfiAA 


1 ov 


Breast Cancer 
Gln-780-Stop 1 
CAGtoTAG 


GGTACTGATTATGGCACTCAGGAAAGTATCTCGTTACTGGAA 
GTTAGCACTCTAGGGAAGGCAAAAACAGAACCAAATA 


781 

/O 1 


IAI 1 IGGI ICIGI 1 1 1 IGCCI ICCCIAGAGIGCIAACI ICCAU 
TAACGAGATACTTTCCTGAGTGCCATAATCAGTACCAGGTAC 
CAATGAAATACTGCTACTCTCTACAGATCTTTCAGT 


782 


ATGGCACTCAGGAAAGT 


783 


APTTTPPTGAfiTfiPPAT 


7RA 


Breast Cancer 

Glu-797-Stop 

GAAtoTAA 


TATfiftPAPTPAfiPAAAfiTATPTPfiTTAPTftfJAAftTTAftPAPT 

CTAGGGAAGGCAAAAACAGAACCAAATAAATGTGTGAGTCAG 
TGTGCAGCATTTGAAAACCCCAAGGGACTAATTCATG 


7RR 

too 


CATGAATTAGTCCCTTGGGGTTTTCAAATGCTGCACACTGAC 
TCACACATTTATTTGGTTCTG 1 1 1 1 1 GCCTTCCCTAGAGTGCT 
AACTTCCAGTAACGAGATACTTTCCTGAGTGCCATA 


786 


CAAAAACAGAACCAAAT 


787 


ATTTPPTTPTPI 1 1 1 IP 

Mill VJV9 1 1 v» 1 VJ 1 1 1 1 1 U 


too 


Breast Cancer 

Lys-820-Glu 

AAAtoGAA 


AAATr3TftTftAPTPAPTftTrtPAPPATTTPAAAAPPPPAAf2PPA 

CTAATTCATGGTTGTTCCAAAGATAATAGAAATGACACAGAAG 
GCTTTAAGTATCCATTGGGACATGAAGTTAACCACA 




TGTGGTTAACTTCATGTCCCAATGGATACTTAAAGCCTTCTGT 
GTCAmCTAnATCTTTGGAACAACCATGAATTAGTCCCTTG 
GGGTTTTCAAATGCTGCACACTGACTCACACATTT 


790 


GTTGTTCCAAAGATAAT 


791 


ATTATPTTTfifiAAPAAP 


7Q9 


Breast Cancer 

Thr-826-Lys 

ACAtoAAA 


rAnrATTTfiAAAArrrrAAr^finArTAATTrATfiRTTfiTrrpA 
AAGATAATAGAAATGACACAGAAGGCTTTAAGTATCCATTGG 
GACATGAAGTTAACCACAGTCGGGAAACAAGCATAGA 


7(M 


TCTATGCTTGTTTCCCGACTGTGGTTAACTTCATGTCCCAATG 

GATACnAMGCCTTCTGTGTCATTTCTATTATCTTTGGAACA 

ACCATGAATTAGTCCCTTGGGGTTTTCAAATGCTG 


794 


AAATGACACAGAAGGCT 


795 


AGCCTTCTGTGTCATTT 


796 



WO 01/73002 



-93- 



PO7US01/09761 



Clinical Phenotype & 


/ Correcting Olisos - ; . , 


SEC) ID 
NO; 


Breast Cancer 

Arg-841-Trp 

CGGtoTGG 


GATAATAGAAATGACACAGAAGGCTTTAAGTATCCATTGGGA 

CATGAAGTTAACCACAGTCGGGAAACMGCATAGAAATGGAA 

GAAAGTGAACTTGATGCTCAGTATTTGCAGAATACAT 


797 


ATGTATTCTGCAAATACTGAGCATCAAGTTCACTTTCTTCCAT 
TTCTATGCTTGTTTCCCGACTGTGGTTAACTTCATGTCCCAAT 
GGATACTTAAAGCCTTCTGTGTCATTTCTATTATC 


798 


ACCACAGTCGGGAAACA 


799 


TGTTTCCCGACTGTGGT 


800 


Breast Cancer 

Pro-871-Leu 

CCGtoCTG 


MCTTGATGCTCAGTATTTGCAGAATACATTCAAGGTTTCAAA 
GCGCCAGTCATTTGCTCCGTTTTCAAATCCAGGAAATGCAGA 
AGAGGAATGTGCAACATTnCTGCCrACTCTGGGTC 


801 


GACCCAGAGTGGGCAGAGAATGTTGCACATTCCTCTTCTGCA 

TTTCCTGGATTTGAAMCGGAGCAMTGACTGGCGCTTTGAA 

ACCTTGAATGTATTCTGCAAATACTGAGCATCAAGTT 


802 


ATTTGCTCCGTTTTCAA 


803 


TTGAAAACGGAGCAAAT 


804 


Breast Cancer 

Leu-892-Ser 

TTAtoTCA 


TTTCAAATCCAGGAAATGCAGAAGAGGAATGTGCAACATrCT 
CTGCCCACTCTGGGTCCTTAAAGAAACAAAGTCCAAAAGTCA 

villi Onn 1 0 1 OrvAV^M/WAO OMMOMMMA 1 L»nr\V3U/Vv\ 


805 


TTTCCnGATTTrcnCCTTTTGTTCACATTCAAAAGTGACTTT 
TGGACTTTGTTTCTTTAAGGACCCAGAGTGGGCAGAGAATGT 
TGCACATTCCTCTTCTGCATTTCCTGGATTTGAAA 


806 


TGGGTCCTTAAAGAAAC 


807 


GTTTCTTTAAGGACCCA 


808 


Breast Cancer 

Glu-908-Stop 

GAAtoTM 


CACTCTGGGTCCTTAAAGAAACAAAGTCCAAAAGTCACTTTTG 

AATGTGMCAAMGGAAGAAAATCAAGGAAAGAATGAGTCTA 

ATATCMGCCTGTACAGACAGTTAATATTArTfiCAfi 


809 


CTGCAGTGATATTAACTGTCTGTACAGGCTTGATATTAGACTC 
ATTCTTTCCnGATTTTCnCCTTTTGTTCACATTCAAAAGTGA 
CI 1 1 1 GGACTTTGTTTCTTTAAGGACCCAGAGTG 


810 


AAAAGGAAGAAAATCAA 


811 


TTGATTTTCTTCCTTTT 


812 


Breast Cancer 

Gly-960-Asp 

GGCtoGAC 


ATAATGCCAAATGTAGTATCAAAGGAGGCTCTAGGTTTTGTCT 

ATCATCTCAG1TCAGAGGCAACGAMCTGGACTCATTACTCC 

AAATAAACATGGACTTTTACAAAACCCATATCGTAT 


813 



WO 01/73002 



-94- 



PCT/US01/09761 





' ~ ' Correcting Olgos' " 


US 

. NO: . 




ATACGATATGGGTTTTGTAAAAGTCCATGTTTATTTGGAGTAA 
TGAGTCCAGTTTCGTTGCCTCTGAACTGAGATGATAGACAAA 
ACCTAGAGCCTCCTTTGATACTACATTTGGCATTAT 


814 


GTTCAGAGGCAACGAM 


815 




olb 


Breast Cancer 

Met-1008-lle 

ATGtoATA 


ATTTnTTAAAAPTA A ATfJTAACAAAAATPTf^PTAr'APPA aa a/" 1 

TTTGAGGAACATTCAATGTCACCTGAAAGAGAAATGGGAAAT 
GAGAACATTCCAAGTACAGTGAGCACAATTAGCCGT 




ACGGCTAATTGTGCTCACTGTACTTGGAATGTTCTCATTTCCC 
ATTTCTCTTTCAGGTGACATTGAATGTTCCTCAAAGTTTTCCT 
CTAGCAGATTTTTCTTACATTTAG 1 1 1 IAACAAAT 


818 


CATTCAATfiTCACCTGA 


819 


THAftfiTfiAnATTftAATfi 




Breast Cancer 

Thr-1025-lle 

ACAtoATA 


APTTTftAf5r5AAPATTr N AATfITCAPr > Tr5AA APAPA A ATPr>OA A 
r\V/ 1 1 1 >ja\Uwv\w\ I 1 1 u 1 1 onAnlaAvsAAA 1 bourn 

ATGAGAACATTCCAAGTACAGTGAGCACAATTAGCCGTMTA 
ACATTAGAGAAAATGI 1 1 1 lAAAGMGCCAGCTCAAG 


821 


CTTGAGCTGGCTTCTTTAAAMCATTTTCTCTAATGTTATTACG 
GCTAAnGTGCTCACTGTACTTGGAATGTTCTCATTTCCCATT 
TCTCnTCAGGTGACATTGAATGTTCCTCAAAGT 


822 


TCCAAGTACAGTGAGCA 


823 


TRrTrArTfiTAnrnr^A 


QO/! 

oZ4 


Breast Cancer 

Glu-1038-Gly 

GAAtoGGA 


AnATTfi^AAfiTAPAftTfi Af5PAPA ATTAfif^flTA ATA A/** ATT AP 

AGAAAATGI 1 1 1 1 AAAGAAGCCAGCTCAAGCAATATTAATGAA 
GTAGGTTCCAGTACTAATGAAGTGGGCTCCAGTAT 


QOC 


ATACTGGAGCCCACTTCATTAGTACTGGAACCTACTTCATTAA 
TAnGCTTGAGCTGGCTTCTTTAAAAACATTTTCTCTAATGTTA 
TTACGGCTAATTGTGCTCACTGTACTTGGAATGT 


826 


TTTTAAAGAAGCCAGCT 


827 


AGCTGGCTTCTTTAAAA 


ozo 


Breast Cancer 
Ser-1040-Asn 
AGCtoAAC 


CAAGTACAGTGAGCACAATTAGCCGTAATAACATTAGAGAAA 
ATGI 1 1 1 1 AAAGAAGCCAGCTCAAGCAATATTAATGAAGTAGG 
TTCCAGTACTAATGAAGTGGGCTCCAGTATTAATGA 


829 


TCATTAATACTGGAGCCCACTTCATTAGTACTGGAACCTACTT 
CATTMTAnGCnGAGCTGGCnCTTTAAAAACATTTTCTCTA 
ATGTTATTACGGCTAATTGTGCTCACTGTACTTG 


830 



WO 01/73002 



-95- 



PCT/US01/09761 



Clinical Phenotype & 
Mutation . 


Correcting Olfgos 


SEQID 

NO: 




AGAAGCCAGCTCAAGCA 


831 




TGCTTGAGCTGGCTTCT 


832 


Breast Cancer 

Val-1047-Ala 

GTAtoGCA 


GCCGTAATAACATTAGAGAAAATGTTTTTAAAGAAGCCAGCTC 

AAGCAATATTAATGAAGTAGGTTCCAGTACTAATGAAGTGGG 

CTCCAGTATTAATfiAAATAGGTTrCAfiTRATRAAAA 


833 




TTTTCATCACTGGAACCTATTTCATTAATACTGGAGCCCACTT 
CATTAGTACTGGAACCTACTTCATTAATATTGCTTGAGCTGGC 
TTCTTTAAAAACATTTTCTCTAATGTTATTACGGC 


834 




TAATGAAGTAGGTTCCA 


835 




TGGAACCTAC7TCATTA 


836 


Breast Cancer 
Leu-1080-Stop 
TTG to TAG 


AAATAGGTTCCAGTGATGAAAACATTCAAGCAGAACTAGGTA 

GAAACAGAGGGCCAAAATTGAATGCTATGCTTAGATTAGGGG 

TTTTGCAACCTGAGGTCTATAAAnAAAGTOTTnPTfiR 


837 




CCAGGAAGACTTTGTTTATAGACCTCAGGTTGCAAAACCCCT 
AATCTAAGCATAGC ATTCAA 1 1 1 1 GGCCCTCTGTTTCTACCTA 
GTTCTGCTTGAATGTT7TCATCACTGGAACCTATTT 


838 




GCCAAAATTGAATGCTA 


839 




TAGCATTCAA 1 1 1 1 GGC 


840 


Breast Cancer 
Leu-1086-Stop 
TTAtoTGA 

lift LKS 1 \Jf\ 


AAAACATTCAAGCAGAACTAGGTAGAAACAGAGGGCCAAAAT 
TGAATGCTATGCTTAGATTAGGGGTTTTGCAACCTGAGGTCT 
ATAAACAAAGTCTTCCTGRAARTAATTRTAARrATPr 

r\ i rw^wywAw lull Ow i uvjrvMj I nn 1 i ui nnVJOn i 


841 




GGATGCTTACAATTACTTCCAGGAAGACTTTGTTTATAGACCT 

CAGGTTGCAAAACCCCTAATCTAAGCATAGCATTCAATTTTG 

GCCCTCTGTTTCTACCTAGTTCTGCTTGAATGTTTT 


842 




GCTTAGA1TAGGGGTTT 


843 




AAACCCCTAATCTAAGC 


844 


Breast Cancer 
Ser-1 1 30-Stop 
TCAtoTGA 


AGCAAGAATATGAAGAAGTAGTTCAGACTGTTAATACAGATTT 
CTCTCCATATCTGATTTCAGATAACTTAGAACAGCCTATGGGA 
AGTAGTCATGCATCTCAGGTTTGTTCTGAGACACC 


845 




GGTGTCTCAGAACAAACCTGAGATGCATGACTACTTCCCATA 

GGCTGTTCTAAGTTATCTGAAATCAGATATGGAGAGAAATCT 

GTATTAACAGTCTGAACTACTTCTTCATATTCTTGCT 


846 




TCTGATTTCAGATAACT 


847 




AGTTATCTGAAATCAGA 


848 



WO 01/73002 



-96- 



PCT/US01/09761 



CJinical Phenotype & 


" Correcting Oligos ' - , " 

9 9 . \ 


SEQID 
Kin- • 


Breast Cancer 

Lys-1183-Arg 

AAAtoAGA 


CTAGI 1 1 I GCTGAAMTGACATTAAGGAAAGTTCTGCTGTTTT 
TAGCAAAAGCGTCCAGAAAGGAGAGCTTAGCAGGAGTCCTA 
GCCCTTTCACCCATACACATTTGGCTCAGGGTTACCG 


849 


CGGTAACCCTGAGCCAAATGTGTATGGGTGAAAGGGCTAGG 

ACTCCTGCTMGCTCTCCTTTCTGGACGCTTTTGCTAAAAACA 

GCAGMCTTTCCTTAATGTCATTTTCAGCAAAACTAG 


850 


CGTCCAGAAAGGAGAGC 


851 


GCTCTCCTTTCTGGACG 




Breast Cancer 
Gln-1200-Stop 
CAG to TAG 


AGCGTCCAGAAAGGAGAGCTTAGCAGGAGTCCTAGCCCTTT 
CACCCATACACATTTGGCTCAGGGTTACCGAAGAGGGGCCA 
AGAAATTAGAGTCCTCAGAAGAGAACTTATCTAGTGAGG 


85? 


CCTCACTAGATAAGTTCTCTTCTGAGGACTCTAATTTCTTGGC 
CCCTCTTCGGTAACCCTGAGCCAAATGTGTATGGGTGAAAGG 
GCTAGGACTCCTGCTAAGCTCTCCTTTCTGGACGCT 


854 


ATTTGGCTCAGGGTTAC 


855 


GTAACCCTGAGCCAAAT 


ft5fi 


Breast Cancer 
Arg-1203-Stop 
CGAtoTGA 


AAAGGAGAGCTTAGCAGGAGTCCTAGCCCTTTCACCCATACA 

CATTTGGCTCAGGGTTACCGAAGAGGGGCCAAGAAATTAGA 

GTCCTCAGAAGAGAACTTATCTAGTGAGGATGAAGAGC 


857 


GCTCTTCATCCTCACTAGATAAGTTCTCTTCTGAGGACTCTAA 
TTTCTTGGCCCCTCTTCGGTAACCCTGAGCCAAATGTGTATG 
GGTGAAAGGGCTAGGACTCCTGCTAAGCTCTCCTTT 


858 


AGGGTTACCGAAGAGGG 


859 


CCCTCTTCGGTAACCCT 


860 

www 


Breast Cancer 
Glu-1214-Stop 
GAG to TAG 


ACCCATACACATTTGGCTCAGGGTTACCGAAGAGGGGCCAA 
GAAATTAGAGTCCTCAGAAGAGAACTTATCTAGTGAGGATGA 
AGAGCTTCCCTGCTTCCAACACTTGTTATTTGGTAAAG 


861 


CTTTACCAAATAACAAGTGTTGGAAGCAGGGAAGCTCTTCAT 

CCTCACTAGATAAGTTCTCTTCTGAGGACTCTAATTTCTTGGC 

CCCTCTTCGGTAACCCTGAGCCAAATGTGTATGGGT 


862 


CCTCAGAAGAGAACTTA 


863 


TAAGTTCTCTTCTGAGG 


864 


Breast Cancer 
Glu-1219-Asp 
GAG to GAC 


TCAGGGTTACCGAAGAGGGGCCAAGAAATTAGAGTCCTCAG 
AAGAGAACTTATCTAGTGAGGATGAAGAGCTTCCCTGCTTCC 
AACACTTGTTATTTGGTAAAGTAAACAATATACCTTCT 


865 



WO 01/73002 



-97- 



PCT/US01/09761 



/Clinical Phenotype & 
Mutation 


; . . J - ... Correcting Ofigos ") L 


SEQID 
NO- 




AGAAGGTAtAnGTTTACTTTACCAAATMCAAGTGTTGGAAG 
CAGGGAAGCTCTTCATCCTCACTAGATAAGTTCTCTTCTGAG 
GACTCTAATTTCTTGGCCCCTCTTCGGTAACCCTGA 


866 


TCTAGTGAGGATGAAGA 


867 


TCTTCATCCTCACTAGA 


868 


Breast Cancer 
Qu-1221-Stop 
GAAtoTAA 


GGTTACCGAAGAGGGGCCAAGAAATTAGAGTCCTCAGAAGA 
GAACTTATCTAGTGAGGATGAAGAGCTTCCCTGCTTCCAACA 
CTTGTTATTTGGTAAAGTAAACAATATACCTTCTCAGT 


869 


ACTGAGAAGGTATAnGTrTACTTTACCAAATAACAAGTGTTG 
GAAGCAGGGAAGCTCTTCATCCTCACTAGATAAGTTCTCTTC 
TGAGGACTCTAATTTCTTGGCCCCTCTTCGGTAACC 


870 


GTGAGGATGAAGAGCTT 


871 


AAGCTCTTCATCCTCAC 


872 


Breast Cancer 
Glu-1250-Stop 
GAG to TAG 


TTATTTGGTAAAGTAAACAATATACCTTCTCAGTCTACTAGGC 

ATAGCACCGTTGCTACCGAGTGTCTGTCTAAGAACACAGAGG 

AGMTTTATTATCATTGMGMTAGCTTAAATGAHT 


873 


AGTCATTTAAGCTATTCTTCAATGATAATAAATTCTCCTCTGTG 
TTCTTAGACAGACACTCGGTAGCAACGGTGCTATGCCTAGTA 
GACTGAGAAGGTATATTGTTTACTTTACCAAATAA 


874 


TTGCTACCGAGTGTCTG 


875 


CAGACACTCGGTAGCAA 


876 


Breast Cancer 
Ser-1262-Stop 
TCAtoTAA 


CTAGGCATAGCACCGTTGCTACCGAGTGTCTGTCTAAGAACA 
CAGAGGAGAATTTATTATCATTGAAGMTAGCTTAAATGACTG 
CAGTAACCAGGTAATATTGGCAAAGGCATCTCAGGA 


877 


TCCTGAGATGCCTTTGCCAATATTACCTGGTTACTGCAGTCAT 
TTAAGCTATTCTTCAATGATAATAAATTCTCCTCTGTGTTCTTA 
GACAGACACTCGGTAGCAACGGTGCTATGCCTAG 


878 


TTTATTATCATTGAAGA 


879 


TCTTCAATGATAATAAA 


880 


Breast Cancer 
Gln-1281-Stop 
CAGtoTAG 


TTATCATTGAAGAATAGCTTAAATGACTGCAGTAACCAGGTAA 
TATTGGCAAAGGCATCTCAGGAACATCACCTTAGTGAGGAAA 
CAAAATGTTCTGCTAGCTTGTTTTCTTCACAGTGCA 


881 


1 GCACTGTGAAGAAAACAAGC 1 AGCAGAACA 1 1 1 IGI ITCCFC 

ACTAAGGTGATGTTCCTGAGATGCCTTTGCCAATATTACCTG 

GTTACTGCAGTCATTTAAGCTATTCTTCAATGATAA 


882 



WO 01/73002 



-98- 



PCT/US01/09761 



Qlinip^ Phenotype& : 




. - 




AGGCATCTCAGGAACAT 


883 


ATRTTrTTGAfiATRrPT 


0o4 


Breast Cancer 
Gln-1313-Stop 
CAGtoTAG 


UO 1 rt\j\»» 1 1 U 1 1 1 1 O 1 I OnUnU 1 OV/rtO 1 0/v\ 1 1 V3 wvvjAO 1 1 o 

ACTGCAAATACAAACACCCAGGATCCTTTCTTGATTGGTTCTT 
CCAAACAAATGAGGCATCAGTCTGAAAGCCAGGGAG 


QQC 

000 


CTCCCTGGCTTTCAGACTGATGCCTCA7TTGTTTGGAAGAAC 
CAATCMGAAAGGATCCTGGGTGTTTGTATTTGCAGTCAAGT 
CTTCCAATTCACTGCACTGTGAAGAAAACAAGCTAGC 


886 


CAAACACCCAGGATCCT 


887 


rt\JV3n 1 1 UW IUI 1 IU 


000 


Breast Cancer 

lle-1318-Val 

ATTtoGTT 


TPAPArtTY^AfSTY^A ATTOrSA A/2APTT72APTY2P A A ATACA A AC 

ACCCAGGATCCTTTCTTGATTGGTTCTTCCAAACAAATGAGG 
CATCAGTCTGAAAGCCAGGGAGTTGGTCTGAGTGACA 


ooy 


TGTCACTCAGACCAACTCCCTGGCTTTCAGACTGATGCCTCA 
TTTGTTTGGMGAACCAATCAAGAAAGGATCCTGGGTGTTTG 
TATTTGCAGTCMGTCTTCCAATTCACTGCACTGTGA 


890 


CTTTCTTGATTGGTTCT 


891 


AftAAPPAATPAA^AAA^i 
AUAAULrAA 1 UAAvjAAAo 




Breast Cancer 
Gln-1323-Stop 
CAAtoTAA 


TTfifS A A f^APTTY^ A PTOP A A AT A P A A A P A A r*P ATPPTTTP 
1 1 ovJ/v\onl» 1 1 oAL» 1 oUAAA I AUAAAUAUL/Lf Abbn 1 UO 1 1 1 U 

TTGATTGGTTCTTCCAAACAAATGAGGCATCAGTCTGAAAGC 
CAGGGAGTTGGTCTGAGTGACAAGGAATTGGTTTCAG 


oyo 


CTGAAACCAATTCCTTGTCACTCAGACCAACTCCCTGGCTTT 
CAGACTGATGCCTCATTTGTTTGGAAGAACCAATCAAGAAAG 
GATCCTGGGTGTTTGTATTTGCAGTCAAGTCTTCCM 


894 


CTTCCAAACAAATGAGG 


895 


rPTPATTTfiTTTRRAAft 


oyo 


Breast Cancer 

Arg-1347-Gly 

AGAtoGGA 


PAfiTrTf5AAAr5rPAfir?r3Ar?TTr5r5TPTr?Ar5TOAPAArir2AATT 

GGTTTCAGATGATGAAGAAAGAGGAACGGGCTTGGAAGAAA 
ATAATCAAGAAGAGCAAAGCATGGATTCAAACTTAGGTA 


0!7f 


TACCTMGTTTGMTCCATGCTnGCTCTTCTTGATTATTTTCT 
TCCAAGCCCGTTCCTCTTTCTTCATCATCTGAAACCAATTCCT 
TGTCACTCAGACCAACTCCCTGGCTTTCAGACTG 


898 


ATGAAGAAAGAGGAACG 


899 


CGTTCCTCTTTCTTCAT 


900 



WO 01/73002 
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Clinical Phenotype & 


< - , • ; Correcting Oligos \, ~ < ! 5 • 


iiiif 

NO: 


Breast Cancer 
G!n-1395-Stop 
C AG to TAG 


GAAACAAGCGTCTCTGAAGACTGCTCAGGGCTATCCTCTCAG 

AGTGACATrTTAACCACTCAGGTAAAAAGCGTGTGTGTGTGT 

firArATRr.RTRTRTRTRRTRTrrTTTRPATTCARTAR 


901 




CTACTGAATGCAAAGGACACCACACACACGCATGTGCACACA 
CACACACGCI 1 1 1 1 ACCTGAGTGGTTAAAATGTCACTCTGAG 
AGGATAGCCCTGAGCAGTCTTCAGAGACGCTTGTTTC 


902 




JAACCACTCAGGTAAAA 


903 




TTTTACCTGAGTGGTTA 


904 


Breast Cancer 
G!n-1408-Stop 

CAG to TAG 


IGGIGCCAI 1 IAICGI 1 1 1 1 GAAGCAGAGGGA 1 ACCA 1 GCAA 
CATAACCTGATAAAGCTCCAGCAGGAAATGGCTGAACTAGAA 
RrTfiTfiTTARAAnARrATRRRARPRARrPTTRTAACA 


905 




TGTTAGAAGGCTGGCTCCCATGCTGTTCTAACACAGCTTCTA 

GTTCAGCCATTTCCTGCTGGAGCTTTATCAGG7TATGTTGCAT 

GGTATCCCTCTGCTTCAAAAACGATAAATGGCACCA 


906 




TAAAGCTCCAGCAGGAA 


907 




TTCCTGCTGGAGCTTTA 


908 


Breast Cancer 
Arg-1443-Gly 
PGA to GGA 


AGCCAGCCTTCTAACAGCTACCCTTCCATCATAAGTGACTCT 

TCTGCCCTTGAGGACCTGCGAAATCCAGAACAAAGCACATCA 

RAAAAARRTRTRTATTRTTRRfTAAArACTRATATfT 


909 


Arg-1443-Stop 
CGAtoTGA 


AGATATCAGTGTTTGGCCAACAATACACACC 1 1 1 1 ICIGATGT 
GCTTTGTTCTGGATTTCGCAGGTCCTCAAGGGCAGAAGAGTC 
ACTTATGATGGAAGGGTAGCTGTTAGAAGGCTGGCT 


910 




AGGACCTGCGAAATCCA 


911 




TGGATTTCGCAGGTCCT 


912 


Breast Cancer 
Ser-1512-lle 

ART tn ATT 


CAGAATAGAAACTACCCATCTCAAGAGGAGCTCATTAAGGTT 
GTTGATGTGGAGGAGCAACAGCTGGAAGAGTCTGGGCCACA 
rRATTTRArRRAAAPATrTTArTTRrrAARRrAARATr 

wOtt 1 1 1 V3AyUwVV\un lull nu 1 1 OV/wflAVjOunnUtt 1 w 


913 




GATCTTGCCTTGGCAAGTAAGATGTTTCCGTCAAATCGTGrG 
GCCCAGACTCTTCCAGCTGTTGCTCCTCCACATCAACAACCT 
TAATGAGCTCCTCTTGAGATGGGTAGTTTCTATTCTG 


914 




AGGAGCAACAGCTGGAA 


915 




TTCCAGCTGTTGCTCCT 


916 


Breast Cancer 
Gln-1538-Stop 
CAGtoTAG 


ATCTTTCTAGGTCATCCCCTTCTAAATGCCCATCATTAGATGA 
TAGGTGGTACATGCACAGTTGCTCTGGGAGTCTTCAGAATAG 
AAACTACCCATCTCAAGAGGAGCTCATTAAGGTTGT 


917 



WO 01/73002 



-100- 



PCT/US01/09761 



Clinical PhenotypeS 
Mutation 


m r : V 


SEQID 

NO: 




ACAACCTTAATGAGCTCCTCTTGAGATGGGTAGTTTCTATTCT 
GAAGACTCCCAGAGCAACTGTGCATGTACCACCTATCATCTA 
ATGATGGGCATTTAGAAGGGGATGACCTAGAAAGAT 


918 


CATGCACAGTTGCTCTG 


919 


CAGARHAACTRTRrATR 


y/u 


Breast Cancer 
Glu-1 541 -Stop 
GAG to TAG 


nAftAATARAAArTArrrATPTrAARAfSRAftPTraTT&ArirJTr 

GTTGATGTGGAGGAGCAACAGCTGGAAGAGTCTGGGCCACA 
CGATTTGACGGAAACATCTTACTTGCCAAGGCAAGATC 




GATCTTGCCTTGGCAAGTAAGATGTTTCCGTCAAATCGTGTG 
GCCCAGACTCTTCCAGCTgTTGCTCCTCCACATCAACAACCT 
TAATGAGCTCCTCTTGAGATGGGTAGTTTCTATTCTG 


922 


AGGAGCAACAGCTGGAA 


923 


TTCCAGCTGTTCCTCCT 




Breast Cancer 

Thr-1561-lle 

ACCtoATC 


AArTArrrATrTrAARARf5ARrTPATTAAf?f5TTr5TTr;ATr5Tr2 

GAGGAGCAACAGCTGGAAGAGTCTGGGCCACACGATTTGAC 
GGAAACATCTTACTTGCCAAGGCAAGATCTAGGTAATA 




TATTACCTAGATCTTGCCTTGGCAAGTAAGATGTTTCCGTCAA 
ATCGTGTGGCCCAGACTCTTCCAGCTGTTGCTCCTCCACATC 
AACAACCTTAATGAGCTCCTCTTGAGATGGGTAGTT 


926 


AGCTGGAAGAGTCTGGG 


927 


uOUnUnw lull OunOu 1 




Breast Cancer 
Tyr-1563-Stop 
TACtoTAG 


TTTGTAATTnAAfJATTr'ATflRTTftTfiTAAATTAAArTTPTrPrA 

TTCCTTTCAGAGGGAACCCCTTACCTGGAATCTGGAATCAGC 
CTCTTCTCTGATGACCCTGAATCTGATCCTTCTGA 


y^y 


TCAGAAGGATCAGATTCAGGGTCATCAGAGAAGAGGCTGATT 

CCAGATTCCAGGTAAGGGGTTCCCTCTGAAAGGAATGGGAG 

MGmAATTTACACAACGATGAATGTTGAATTACAAA 


930 


AGAGGGAACCCCTTACC 


931 


GGTAAGGGGTTCCCTCT 




Breast Cancer 
Leu-1564-Pro 
CTGtoCCG 


CMCATTCATCGnGTGTAMTTAAACnCTCCCATTCCTTTC 

AGAGGGAACCCCTTACCTGGAATCTGGAATCAGCCTCTTCTC 

TGATGACCCTGAATCTGATCCTTCTGAAGACAGAGC 


933 


GCTCTGTCTTCAGAAGGATCAGATTCAGGGTCATCAGAGAAG 

AGGCTGATTCCAGATTCCAGGTAAGGGGTTCCCTCTGAAAG 

GAATGGGAGAAGTTTAATTTACACAACGATGAATGTTG 


934 



WO 01/73002 
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Clinical Phenotype & 
Mutation 


Correcting Ohgos , 


SEQID 
NO: 




CCCTTACCIGGAATCTG 


935 


CAGATTCCAGGTAAGGG 


936 


Breast Cancer 
Gln-1604-Stop 
CAAtoTAA 


GCCCCAGAGTCAGCTCGTGTTGGCAACATACCATCTTCAACC 

TCTGCATTGAAAGTTCCCCAATTGAAAGTTGCAGAATCTGCC 
CAGAGTCCAGCTGCTGCTCATACTACTGATArTftPTfi 


937 


CAGCAGTATCAGTAGTATGAGCAGCAGCTGGACTCTGGGCA 
GATTCTGCMCTTTCAATTGGGGAACTTTCAATGCAGAGGTT 
GAAGATGGTATGTTGCCAACACGAGCTGACTCTGGGGC 


938 


AAGTTCCCCAATTGAAA 


939 


TTTCAATTG GGGAACTT 


940 


Breast Cancer 

Lys-1606-Glu 

AAAtoGAA 


GAGTCAGCTCGTGTTGGCAACATACCATCTTCAACCTCTGCA 
TTGAAAGTTCCCCAATTGAAAGTTGCAGAATCTGCCCAGAGT 
CCAGCTGCTGCTCATACTACTGATACTGCTGGGTATA 


941 


TATACCCAGCAGTATCAGTAGTATGAGCAGCAGCTGGACTCT 
GGGCAGATTCTGCAACTTTCAATTGGGGAACTTTCAATGCAG 
AGGTTGAAGATGGTATGTTGCCAACACGAGCTGACTC 


942 


CCCAATTGAAAGTTGCA 


943 


TGCAACTTTCAATTGGG 


944 


Breast Cancer 
Met-1628-Thr 
ATGtoACG 


CAGAATCTGCCCAGAGTCCAGCTGCTGCTCATACTACTGATA 
CTGCTGGGTATAATGCAATGGAAGAAAGTGTGAGCAGGGAG 
AAGCCAGAATTGACAGCTTCAACAGAAAGGGTCAACAA 


945 


TTGTTGACCCTTTCTGTTGAAGCTGTCAATTCTGGCTTCTCCC 
TGCTCACACTTTCTTCCATTGCATTATACCCAGCAGTATCAGT 
AGTATGAGCAGCAGCTGGACTCTGGGCAGATTCTG 


946 


TAATGCAATGGAAGAAA 


947 


TTTCTTCCATTGCATTA 


948 


Breast Cancer 

Met-1o28-Val 

ATGtoGTG 


GCAGAATCTGCCCAGAGTCCAGCTGCTGCTCATACTACTGAT 

ACTGCTGGGTATAATGCAATGGAAGAAAGTGTGAGCAGGGA 

GAAGCCAGAATTGACAGCTTCAACAGAAAGGGTCAACA 


949 


TGTTGACCCTTTCTGTTGAAGCTGTCAATTCTGGCTTCTCCCT 
GCTCACACTTTCTTCCATJGCATTATACCCAGCAGTATCAGTA 
GTATGAGCAGCAGCTGGAC1 U rGGGCAGATTCTGC 


950 


ATAATGCAATGGAAGAA 


951 



WO 01/73002 
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Clinical Phenotype& 




SEQ ID ! 




TTCTTCCATTGCATTAT 




Breast Cancer 

Pro-1637-Leu 

CCAtoCTA 


CTCATACTACTGATACTGCTGGGTATAATGrAATORAAnAAA 

GTGTGAGCAGGGAGAAGCCAGMTTGACAGCTTCAACAGAA 
AGGGTCMCAAAAGAATGTCCATGGTGGTGTCTGGCCT 






AGGCCAGACACCACCATGGACATTCTTTTGTTGACCCTTTCT 

GTTGMGCTGTCAATTCTGGCTTCTCCCTGCTCACACTTTCTT 

CCATTGCATTATACCCAGCAGTATCAGTAGTATGAG 


954 




GGAGAAGCCAGAATTGA 


955 




TCAATTCTGGCTTCTCC 


yoo 


Breast Cancer 
Met-1652-He 
ATG to ATA 


GAGCAGGGAGMGCCAGMTTGACAGCTTCAArAfiAAAftrtft 

w# iwwwr^N^nr\wwwnwr»ri l l vjnvnVJV; 1 I wrv^w#»wrVVAwww 

TCAACAAAAGAATGTCCATGGTGGTGTCTGGCCTGACCCCAG 
AAGAATTTGTGAGTGTATCCATATGTATCTCCCTAATG 


Q*7 




CATTAGGGAGATACATATGGATACACTCACAAATTCTTCTGG 

GGTCAGGCCAGACACCACCATGGACATTCTTTTGTTGACCCT 

TTCTGTTGAAGCTGTCAATTCTGGCTTCTCCCTGCTC 


958 




ATGTCCATGGTGGTGTC 


959 




GACACCACCATGGACAT 


you 


Breast Cancer 
Glu-1694-Stop 
GAG to TAG 


CACTTCCTGATTTTGTTTTCAArTTrTAATrrTTT^A^T^TTTT 

wnu i ' ww i vjn i i i i w i i i i wnnv l 1 w 1 rv\ 1 w w 1 1 1 unO 1 w 1 1 f 1 

TCATTCTGCAGATGCTGAGTTTGTGTGTGAACGGACACTGAA 
ATATTTTCTAGGAATTGCGGGAGGAAAATGGGTAG 


yo i 




CTACCCATTTTCCTCCCGCAATTCCTAGAAAATATTTCAGTGT 
CCGTTCACACACAAACTCAGCATCTGCAGAATGAAAAACACT 
CAAAGGATTAGAAGTTGAAAACAAAATCAGGAAGTG 


962 




CAGATGCTGAGTTTGTG 


963 




CACAAACTCAGCATCTG 




Breast Cancer 
Gly-1706-Glu 

OoA ID ww\ 


GTG 1 1 1 1 1 CATTCTGCAGATGCTGAGTrTGTGTGTGAACfifiA 

w ■ >«• i ■ ■ ■ i » i i v/ ■ wx/r\^jn i WW 1 W/\\J l 1 1 w 1 w 1 W 1 Unnu\JUn 

CACTGAMTATTTTCTAGGAATTGCGGGAGGAAAATGGGTAG 
1 lAbUIAI 1 1 L 1 GTAAGTATAATACTA 1 1 1 CTCCCCT 


yoo 




AGGGGAGAAATAGTATTATACTTACAGAAATAGCTAACTACCC 
Al 1 1 1 CCTCCCGCAATTCCTAGAAAATATTTCAGTGTCCGTTC 
ACACACAAACTCAGCATCTGCAGAATGAAAAACAC 


966 




TTTTCTAGGAATTGCGG 


967 




CCGCAATTCCTAGAAAA ' 


968 



WO 01/73002 



-103- 



PO7US01/09761 



ClinicaFPhenofy^lll 
Mutation: 


^ 11 

• • Correcting Oi.gos , , . 


SEQID 

NO: 


Breast Cancer 
Ala-1708-Glu 


TTCATTCTGCAGATGCTGAGTTTGTGTGTGAACGGACACTGA 
AATATTTTCTAGGAATTGCGGGAGGAAAATGGGTAGTTAGCT 

A 1 1 1 PT^TA AETATA ATA f*TA 1 1 1 PTPr^PPTPPTOr^O 
Ml 1 1 O 1 V3 1 MMO 1 A 1 MM 1 AO I A 1 1 101 OOOO 1 00 1 OOO 


969 


GGGAGGAGGGGAGAAATAGTATTATACTTACAGAAATAGCTA 
ACTACCCATTTTCCTCCCGCAATTCCTAGAAAATATTTCAGTG 
TCCGTTCACACACAMCTCAGnATfTTfiPAfiAATfiAA 

• www i i wnwnvnwnnnw I w#»ww/\ 1 w 1 wwMwMM 1 \3MM 


970 


AGGAATTGCGGGAGGAA 


971 


TTCCTCCCGCAATTCCT 


972 ! 


Breast Cancer 
Val-1713-A!a 

ulMlO vjOM 


CTGAGTTTGTGTGTGAACGGACACTGAAATATTTTCTAGGAAT 
TGCGGGAGGAAAATGGGTAGTTAGCTATTTCTGTAAGTATAA 
I AO 1 A i 1 1 w 1 OOOO 1 00 1 OOO 1 1 1 AAOAOO 1 OAoAA 


973 


TTCTGAGGTGTTAAAGGGAGGAGGGGAGAAATAGTATTATAC 
TTACAGAAATAGCTAACTACCCAI 1 1 1 CCTCCCGCAATTCCTA 
GAAMTATTTCAGTGTCCGTrOACAPArAAArTrArt 

wnnnn mi i i un\j i w 1 www 1 1 w/AwMwMwMMMw 1 wMw 


974 


AAAATGGGTAGTTAGCT 


975 


AGCTAACTACCCATTTT 


976 


Breast Cancer 

Trp-1718-Stop 
rriri *n TAft 


AACGGACACTGAAATATTTTCTAGGAATTGCGGGAGGAAAAT 
GGGTAGTTAGCTATTTCTGTAAGTATAATACTATTTCTCCCCT 
OOIOOOI 1 1 AAOAOO IOAwAAI IbOAl 1 \ 1 lAOAoo 


977 


GGTGTAAAAATGCAATTCTGAGGTGTTAAAGGGAGGAGGGG 

AGAMTAGTATTATACTTACAGAMTAGCTMCTACCCATTTTC 

CTCCCGCMTTCCTAGAAAATATTTrAGTfiTrrfiTT 

w i wwww wnn i i ww i nv^rvvvi I r\ 1 1 1 wr\w 1 \J I www 1 1 


978 


CTATTTCTGTAAGTATA 


979 


TATACTTACAGAAATAG 


980 


Breast Cancer 
Glu-1725-Stop 

ftAA tn TAA 

wMM LU 1 MM 


TTCTGCTGTATGTMCCTGTCTTTTCTATGATCTCTTTAGGGG 
TGACCCAGTCTATTAAAGAAAGAAAAATGCTGAATGAGGTAA 

CT A CTTft AT^TT A C A A A CT A A A n A n AT ATTP ATT 
o 1 MO 1 1 oA loll AOAAAO 1 AAOOAoAOA 1 A 1 1 OA 1 1 


981 


AATGAATATCTCTGGTTAGTTTGTAACATCAAGTACTTACCTC 
ATTCAGCAI 1 1 1 1 CTTTCTTTAATAGACTGGGTCACCCCTAAA 
GAGATCATAGAAAAGACAGGTTACATACAGCAGAA 


982 


CTATTAAAGAAAGAAAA 


983 


TTTTCTTTCTTTAATAG 


984 


Breast Cancer 
Lys-1727-Stop 
AM to TAA 


TGTATGTMCCTGTCTTTTCTATGATCTCTTTAGGGGTGACCC 
AGTCTATTAAAGAAAGAAAAATGCTGAATGAGGTAAGTACTTG 
ATGTTACAAACTAACCAGAGATATTCATTCAGTCA 


985 



WO 01/73002 



-104- 



PCT/US01/09761 







SEQID 

- 




TGACTGAATGAATATCTCTGGTTAGTTTGTAACATCAAGTACT 
TACCTCAn€AGCATTTTTCTTTCTTTMTAGACTGGGTCACC 
CCTAAAGAGATCATAGAAAAGACAGGTTACATACA 


986 


AAGAAAGAAAAATGCTG 


987 


CAGCATTTTTC 1 11 CT T 


988 


Breast Cancer 

Pro-1749-Arg 

CCAtoCGA 


GAAGAAACCACCMGGTCCAAAGCGAGCAAGAGAATCCCAG 
GACAGAAAGGTAAAGCTCCCTCCCTCAAGTTGACAAAA 


989 


TTTTGTCAACTTGAGGGAGGGAGCTTTACC7TTCTGTCCTGG 

GATTCTCTTGCTCGCTTTGGACCTTGGTGGTTTCTTCCA'ITGA 

CCACATCTCCTCTGACTTCAAAATCATGCTGAAAGA 


990 


CCAAGGTCCAAAGCGAG 


991 


CTCGCTTTGGACCTTC5G 


992 


Breast Cancer 
Arg-1 751 -Stop 
CGAtoTGA 


CAGCATGAI 1 1 1 GAAGTPACiAftftAftATfTn^rrrr a Arm a Ar* a 

AACCACCAAGGTCCAAAGCGAGCAAGAGAATCCCAGGACAG 
AAAGGTAAAGCTCCCTCCCTCMGTTGACAAAAATCTC 


993 


GAGAI 1 1 1 1 G'l CAACTTGAGGGAGGGAGCTTTACCTTTCTGT 
CCTGGGATTCTCTTGCTCGCTTTGGACCTTGGTGGTTTCTTC 
CATTGACCACATCTCCTCTGACTTCAAAATCATGCTG 


994 


GTCCAAAGCGAGCAAGA 


995 


TCTTGCTCGCTTTGGAC 


996 


Breast Cancer 
Gln-1756-Stop 
CAGtoTAG 


GTCAGAGGAGATGTGGTCAATGGAAftAAAf'rArrAAPrTrr 

AAAGCGAGCAAGAGAATCCCAGGACAGAAAGGTAAAGCTCC 
CTCCCTCAAGTTGACAAAAATCTCACCCCACCACTCTGT 


AA7 

997 


ACAGAGTGGTGGGGTGAGA7TTTTGTCAACTTGAGGGAGGG 
AGCTTTACCTTTCTGTCCTGGGATTCTCTTGCTCGCTTTGGA 
CCTTGGTGGTTTCTTCCATTGACCACATCTCCTCTGAC 


998 


GAGAATCCCAGGACAGA 


999 


TCTGTCCTGGGATTCTC 


Iflflfl 

lUUU 


Breast Cancer 

Met-1775-Arg 

ATGtoAGG 


CTCTCTTCTTCCAGATCTTCAGGGGGCTAGAAATCTGTTGCT 
ATGGGCCCTTCACCAACAIGCCCACAGGTAAGAGCCTGGGA 
GAACCCCAGAGTTCCAGCACCAGCCTTTGTCTTACATA 


1001 


TATGTAAGACAAAGGCTGGTGCTGGAACTCTGGGGTTCTCCC 

AGGCTCTTACCTGTGGGCATGTTGGTGAAGGGCCCATAGCA 

ACAGATTTCTAGCCCCCTGMGATCTGGMGAAGAGAG 


1002 



WO 01/73002 



-105- 



PCT/US01/09761 



Clinical Phenotype & 
Mutation ' 


Correcting OJigos 


SEQID 
wo* 




CACCAACATGCCCACAG 


1003 


CTGTGGGCATGTTGGTG 


1004 


Breast Cancer 
Trp-1782-Stop 
TGGtoTGA 


AGTATGCAGATTACTGCAGTGATTTTACATCTAAATGTCCATT 

TTAGATCAACTGGAATGGATGGTACAGCTGTGTGGTGCTTCT 
GTGGTGAAGRARPTTTrATr ATTrArrrTrnrsn ap a 


1005 


TGTGCCAAGGGTGAATGATGAAAGCTCCTTCACCACAGAAGC 

ACCACACAGCTGTACCATCCATTCCAGTTGATCTAAAATGGA 

CATTTAGATGTAAAATCACTGCAGTAATCTGCATACT 


1006 


CTGGAATGGATGGTACA 


1007 


TGTACCATCCATTCCAG 


1008 


Breast Cancer 
Gln-1785-His 
CAG to CAT 


ATTACTGCAGTGATTTTACATCTAAATGTCCATTTTAGATCAAC 
TGGAATGGATGGTACAGCTGTGTGGTGCnCTGTGGTGAAG 

RAGfTrrrPATPATTrAPPPTTfiftP AP AP.TA APT ATT 


1009 


AATACTTACTGTGCCAAGGGTGAATGATGAAAGCTCCTTCAC 
CACAGAAGCACCACACAGCTGTACCATCCATTCCAGTTGATC 
TAAAATGGACATTTAGATGTAAAATCACTGCAGTAAT 


1010 


ATGGTACAGCTGTGTGG 


1011 


CCACACAGCTGTACCAT 


1012 


Breast Cancer 
Glu-1794-Asp 
GAG to GAT 


GTCCATTTTAGATCAACTGGAATGGATGGTACAGCTGTGTGG 

TGCTTCTGTGGTGAAGGAGCTTTCATCATTCACCCTTGGCAC 
AfiTAARTATTfiRRTfiPrPTr3TPAPAPAPPPAPPAPAP 


1013 


GTGTCCTCCCTCTCTGACAGGGCACCCAATACTTACTGTGCC 
AAGGGTGAATGATGAAAGCTCCTTCACCACAGAAGCACCACA 
CAGCTGTACCATCCATTCCAGTTGATCTAAAATGGAC 


1014 


GTGAAGGAGCTTTCATC 


1015 


GATGAAAGCTCCTTCAC 


1016 


Breast Cancer 
Arg-1835-Stop 
CGAtoTGA 


CTCTGCTTGTGTTCTCTGTCTCCAGCAATTGGGCAGATGTGT 
GAGGCACCTGTGGTGACCCGAGAGTGGGTGTTGGACAGTGT 
AGCACTCTACCAGTGCCAGGAGCTGGACACCTACCTGA 


1017 


TCAGGTAGGTGTCCAGCTCCTGGCACTGGTAGAGTGCTACA 
CTGTCCAACACCCACTCTCGGGTCACCACAGGTGCCTCACA 
CATCTGCCCAATTGCTGGAGACAGAGAACACAAGCAGAG 


1018 


TGGTGACCCGAGAGTGG 


1019 


CCACTCTCGGGTCACCA 


1020 



WO 01/73002 



-106- 



PCT7US0 1/09761 







Mitt 

HO* ' 


DI Cool VsdJlUCI 

Trp-1837-Arg 
TGGtoCGG 


MolollUIL/lolLI Ol/AbLAAl KabbuAbA loTGTGAGGCA 
CCTGTGGTGACCCGAGAGTGGGTGTTGGACAGTGTAGCACT 
CTACCAGTGCCAGGAGCTGGACACCTACCTGATACCCC 


1021 




GGGGTATCAGGTAGGTGTCCAGCTCCTGGCACTGGTAGAGT 
GCTACACTGTCCAACACCCACTCTCGGGTCACCACAGGTGC 
CTCACACATCTGCCCAATTGCTGGAGACAGAGAACACAA 


1022 




CCCGAGAGIGGGTGTTG 


1023 




CAACACCCACTCTCGGG 


1024 


Breast Cancer 
Trp-1837-Stop 
TGGtoTAG 


TGTGTTCTCTGTCTCCAGCAATTGGGCAGATGTGTGAGGCAC 
CTGTGGTGACCCGAGAGTGGGTGTTGGACAGTGTAGCACTC 
TACCAGTGCCAGGAGCTGGACACCTACCTGATACCCCA 


1025 




TGGGGTATCAGGTAGGTGTCCAGCTCCTGGCACTGGTAGAG 
TGCTACACTGTCCAACACCCACTCTCGGGTCACCACAGGTG 
CCTCACACATCTGCCCAATTGCTGGAGACAGAGAACACA 


1026 




CCGAGAGTGGGTGTTGG 


1027 




CCAACACCCACTCTCGG 


1028 


Table 15 

BRCA2 Mutations and Genome-Correctina Oliaos 










Clinical Phenotype & 
Mutation 




SEQID 

NO: 


Breast cancer 

PHE32LEU 

TTTtoCTT 


GTTAAAACTAAGG 1 GGGA 1 1 1 1 1 1 1 1 1 IAAAIAGAI 1 IAGGAC 

CMTMGTCTTAATTGGTTTGAAGAACTTTCTTCAGAAGCTCC 

ACCCTATAATTCTGAACCTGCAGAAGAATCTGAAC 


1029 




GTTCAGATTCTTCTGCAGGTTCAGAATTATAGGGTGGAGCTT 
CTGMGAMGnCTTCAAACCAATTAAGACTTATTGGTCCTAA 
ATCTATTTAAAAAAAAMTCCCACCTTAGTTTTAAC 


1030 




TTAATTGGTTTGAAGAA 


1031 




TTCTTCAAACCAATTAA 


1032 


Breast cancer 

TYR42CYS 

TATtoTGT 


TAGATTTAGGACCAATAAGTCnMnGGTTTGAAGAACTTTC 
TTCAGAAGCTCCACCCTATAATTCTGAACCTGCAGAAGAATC 
TGAAC ATAAAAACAACAATTAC oAACCAAACCTATT 


1033 



WO 01/73002 



-107- 



PCT/US01/09761 



Clinical Phenotype & 
Mutation 


\ Correcting Oiips 5 ' / 

_ 1 : .. < ' > _. 


SEQSD 




MTAGGTTTGGTTCG I'AATTG I IGI 1 1 1 IAIGI ICAGAI TCI IC 
TGCAGGTTCAGAATTATAGGGTGGAGCTTCTGAAGAAAG7TC 
TTCAAACCAATTAAGACTTATTGGTCCTAAATCTA 


1034 


TCCACCCTATAATTCTG 


1035 


CAGAA7TATAGGGTGGA 


1036 


Breast cancer 
LYS53ARG 
AAA to AGA 


AAGAACTTTCTTCAGAAGCTCCACCCTATAATTCTGAACCTGC 
AGAAGAATCTGAACATAAAAACAACAATTACGAACCAAACCTA 

l l l nrvvy\j l ^nbnnnUUnnn^Lin 1 A 1 AA 1 OH 


1037 


TGATTATMGATGGTnCCTTTGTGGAGTTTTAAATAGGTTTG 
GTTCGTAATTGTTG 1 1 1 T 1 ATGTTCAGATTCTTCTGCAGGTTC 
AGAATTATAGGGTGGAGCTTCTGAAGAAAGTTCTT 


1038 


TGAACATAAAAACAACA 


1039 


TGTTGTTTTTATGTTCA 


1040 


Breast cancer 
Phe81Leu 
TTC to CTC 


CTATTTAAAACTCCACAAAGGAAACCATCTTATAATCAGCTGG 
CTTCAACTCCAATAATAnCAAAGAGCAAGGGCTGACTCTGC 

nfinTfiTArr A ATfTPPTftT A A A A ft A ATT Af2 AT A A AT 
"Uu i o i nViOttn i u 1 V^U I \3 1 AAAAUAA 1 1 AuA 1 AAA 1 


1041 


ATTTATCTAATTCTTTTACAGGAGATTGGTACAGCGGCAGAGT 

CAGCCCTTGCTCTTTGAATATTATTGGAGTTGAAGCCAGCTG 

ATTATAAGATGGTTTCCTTTGTGGAGTTTTAAATAG 

«»» " •«» » 1 » » 19 9 W Iff \«/ 1 Vn» \ fill / 1/ Wt | 


1042 


CAATAATATTCAAAGAG 


1043 


CTCTTTGAATATTATTG 


1044 


Breast cancer 
TRP194TERM 
TGG to TAG 


GTCAGACACCAAAACATATTTCTGAAAGTCTAGGAGCTGAGG 
TGGATCCTGATATGTCTTfiGTCAAGTTCTTTAGCTACACCACC 

CACfimTAR7TnTAPTf5Tf5rTr , ATAr?f5TAATAATAr5 


1045 


CTATTATTACCTATGAGCACAGTAGAACTAAGGGTGGGTGGT 
GTAGCTAAAGAACTTGACCAAGACATATCAGGATCCACCTCA 
GCTCCTAGACTTTCAGAAATATGTTTTGGTGTCTGAC 


1046 


TATGTCTTGGTCAAGTT 


1047 


AACTTGACCAAGACATA 


1048 


Breast cancer 
PRO201ARG 
CCAtoCGA 


CTGAAAGTCTAGGAGCTGAGGTGGATCCTGATATGTCTTGGT 
CAAGTTCTTTAGCTACACCACCCACCCTTAGTTCTACTGTGCT 
CATAGGTAATAATAGCAAATGTGTATTTACAAGAAA 


1049 


TTTCTTGTAAATACACATTTGCTATTATTACCTATGAGCACAGT 
AGAACTAAGGGTGGGTGGTGTAGCTAAAGAACTTGACCAAGA 
CATATCAGGATCCACCTCAGCTCCTAGACTTTCAG 


1050 



WO 01/73002 
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;;;|Ctirticp;p 


^ '~ : Cdrrectina Otfaos : * vv ' ; , 


SEQID ; 




AGCTACACCACCCACCC 


1051 


GGGTGnftTGftTftTAftPT 


1052 


Breast cancer 

Pro222Ser 

CCTtoTCT 


Avnn i r\v^r\Vw>r\ 1 nnn 1 1 1 1 1 1\ 1 \s II MWtto 1 L/MOMMM 1 oAAoMAvj 

CATCTGAMCTGTATTTCCTCATGATACTACTGCTGTAAGTAA 
ATATGACATTGATTAGACTGTTGAAATTGCTAACA 


4 acq 
1053 


TGTTAGCAATTTCAACAGTCTAATCAATGTCATATTTACTTACA 
GCAGTAGTATCATGAGGAAATACAGTTTCAGATGCTTCTTCAT 
TTCTGACTGTAAGATAAAAATTTATGTGTATTGT 


1054 


CTGTATTTCCTCATGAT 


1055 


ATPATfiAfiftAAATAPAfi 


4 nee 

1056 


Breast cancer 
Leu-414-Term 
TTG to TAG 


AATfifiTPTP A APT A APPP 1 1 1 PArif2TPTA A at/v^ a nnnn a a 
w • V3V3 1 v/ 1 Onnl> 1 nnV/OO 1 l 1 l>nuu 1 0 1 MAA 1 VOAuvAjOAoA 

TGGAGAAAATACCCCTATTGCATATTTCTTCATGTGACCAAAA 
TA7TTCAGAAAAAGACCTATTAGACACAGAGAACAA 


1057 


TTGTTCTCTGTGTCTMTAGGTCTTTrTCTGAAATATTTTGGTC 
ACATGAAGAAATATGCAATAGGGGTAI 1 1 1 CTCCATCTGGGC 
TCCATTTAGACCTGAAAGGGTTAGTTGAGACCATT 


1058 


ACCCCTATTGCATATTT 


1059 


AAATATf5PAATAr3f5f5r:T 


1060 


Breast cancer, male 

Cys554Trp 

TGTtoTGG 


ARPPTPTRAAArSTfiriAPTfl^AAATAPATAnT/^TTTr^PTnA^A 
nOUO 1 L> I VJMnrtVj 1 uuAU 1 VjuAAA 1 AOA 1 AO lu 1 1 1 (jL» 1 UALA 

GAAGGAGGACTCCTTATGTCCAAATTTAATTGATAATGGAAG 
CTGGCCAGCCACCACCACACAGAATTCTGTAGCTTTG 


1061 


CAAAGCTACAGAATTCTGTGTGGTGGTGGCTGGCCAGCTTC 

CATTATCAATTAAATTTGGACATAAGGAGTCCTCCTTCTGTGA 

GCAAACAGTATGTATTTCCAGTCCACTTTCAGAGGCT 


1062 


TCCTTATGTCCAMTTT 


1063 


AAATTTGGACATAARfiA 


1004 


Breast cancer 
Lys944Term 

AAA 1. T A A 

AAAtoTAA 


MCTCTACCATGGTTnATATGGAGAPAPAftfVrftATAAArAA 

GCMCCCMGTGTCMTTAMAAAGATTTGGTTTATGTTCTTG 
CAGAGGAGAACAAAAATAGTGTAAAGCAGCATATAA 


IUDD 


TTATATGCTGCTTTACACTATTTTTGTTCTCCTCTGCAAGAAC 

ATAMCCAMTCTTTTTTAATTGACACTTGGGTTGCTTGTTTAT 

CACCTGTGTCTCCATATAAAACCATGGTAGAGTT 


1066 


TGTCAATTAAAAAAGAT 


1067 


AICIIIIIIAAIIGACA 


1068 



WO 01/73002 
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Clinical Nenptype & 


Correcting Gilgos 


SEQID 
HQ: 


Breast cancer, male 

Glu1320Term 

GAAtoTAA 


ATGACTACTGGCACTTTTGTTGAAGAAATTACTGAAAATTACA 

AGAGAAATACTGAAAATGAAGATAACAAATATACTGCTGCCAG 

TAGAAATTCTCATAACTTAGAATTTGATGGCAGTG 


1069 


CACTGCCATCAAATTCTAAGTTATGAGAATTTCTACTGGCAGC 
AGTATATTTGnATCTTCATTTTCAGTATTTCTCnGTMTTTTC 
AGTAATTTCTTCAACAAAAGTGCCAGTAGTCAT 


1070 


CTGAAAATGAAGATAAC 


1071 


GTTATCTTCATTTTCAG 


1072 


Breast cancer 
Glu1876Term 
GAAtoTAA 


CATGAAACAATTAAAAAAGTGAAAGACATATTTACAGACAGTT 
TCAGTAAAGTAATTAAGGAAAACAACGAGAATAAATCAAAAAT 
TTGCCAAACGAAAATTATGGCAGGTTGTTACGAGG 


1073 


CCTCGTMCMCCTGCCATMTmCGmGGCAMTTTTTGA 
TTTATTCTCGTTGTTTTCCTTAATTACTTTACTGAAACTGTCTG 
TAAATATGTCTTTCACI 1 1 1 1 1 AATTGTTTCATG 


1074 


TAATTAAGGAAAACAAC 


1075 


GTTGTTTTCCTTAATTA 


1076 


Breast cancer 
Ser1882Term 
TCAtoTAA 


TGAAAGACATATTTACAGACAGTTTCAGTAAAGTAATTAAGGA 

AAACAACGAGAATAAATCAAAAATTTGCCAAACGAAAATTATG 
GCAGGTTGTTACGAGGCATTGGATGATTrAGAGfiA 


1077 


TCCTCTGAATCATCCAATGCCTCGTAACAACCTGCCATAATTT 
TCGTTTGGCAAAI 1 1 1 IGATTTATTCTCGTTGTnTCCTTAATT 
ACTTTACTGAAACTGTCTGTAAATATGTCTTTCA 


1078 


GAATAAATCAAAAATTT 


1079 


AAAI 1 1 1 IGATTTATTC 


1080 


Breast cancer 
Glu1953Term 
GAAtoTAA 


MCCAAMTATGTCTGGATTGGAGAAAGTTTCTAAAATATCAC 
CTTGTGATGTTAGTTTGGAAACTTCAGATATATGTAAATGTAG 
TATAGGGAAGCTTCATAAGTCAGTCTCATCTGCAA 


1081 


TTGCAGATGAGACTGACTTATGAAGCTTCCCTATACTACATTT 
ACATATATCTGAAGTTTCCAAACTAACATCACAAGGTGATATT 
TTAGAAACTTTCTCCAATCCAGACATATTTrGGTT 


1082 


TTAGTTTGGAAACTTCA 


1083 


TGAAGTTTCCAAACTAA 


1084 


Breast cancer 
Ser1970Term 
TCAtoTM 


TTAGTTTGGAAACTTCAGATATATGTAMTGTAGTATAGGGAA 
GCTTCATAAGTCAGTCTCATCTGCAAATACTTGTGGGATTnT 
AGCACAGCAAGTGGAAAATCTGTCCAGGTATCAGA 


1085 



WO 01/73002 PCT/US01/09761 

-110- 



Clinical PhenotypeS 


' - ■ '• Correcting Oltgos • • ' 1 : 


9mm 




TCTGATACCTGGACAGATTTTCCACTTGCTGTGCTAAAAATCC 
CACAAGTATTTGCAGATGAGACTGACTTATGAAGCTTCCCTAT 
ACTACATTTACATATATCTGAAGTTTCCAAACTAA 


1086 


GTCAGTCTCATCTGCAA 


1087 


TTGCAGATGAGACTGAC 


lUoo 


Breast cancer 
Gln1987Term 
CAGtoTAG 


CAAGTGGAAAATCTGTCCAGGTATCAGATGCTTCATTACAAAA 
CGCAAGACAAGTGTTTTGTGAAATAGAAGATAGTA 


luoy 


TACTATCnCTATTTCAGAAAACACTTGTCnGCGTTTTGTAAT 

GAAGCATCTGATACCTGGACAGATTTTCCACTTGCTGTGCTA 

AAAATCCCACAAGTATTTGCAGATGAGACTGACTT 


1090 


AATCTGTCCAGGTATCA 


1091 


TGATACCTGGACAGATT 


VJvZ 


Breast cancer 

Ala2466Val 

GCAtoGTA 


AAAATAAGATTAATG AHAATftAftATTP ATPAfnTTA ap a a a a a 

CAACTCCAATCAAGCAGCAGCTGTAACTTTCACAAAGTGTGA 
AGAAGAACCTTTAGGTATTGTATGACAATTTGTGTG 




CACACAAATTGTCATACAATACCTAAAGGTTCTTCTTCACACT 
nGTGAMGTTACAGCTGCTGCnGATTGGAGnGTTTTTGTT 
AMCTGATGMTCTCATTGTCATTAATCTTATTTT 


1094 


TCAAGCAGCAGCTGTAA 


1095 


TTACAGCTGCTGCTTGA 


luyo 


Breast cancer 
Arg2520Term 
CGAtoTGA 


AGGCMCGCGTCTTTCCACAGrrARGrA^TrTfJTATrTTr^rA 

AAAACATCCACTCTGCCTCGAATCTCTCTGAAAGCAGCAGTA 
GGAGGCCAAGTCCCCTCTGCGTGTCCTCATAAACAGG 




CCTGTTTATGAGGACACGCAGAGGGGACTTGGCCTCCTACT 

GCTGCTTTCAGAGAGAnCGAGGCAGAGTGGATGTTTTTGCA 

AGATACAGACTGCCTGGCTGTGGAAAGACGCGTTGCCT 


1098 


CTCTGCCTCGAATCTCT 


1099 


AGAGATTCGAGGCAGAG 


1100 


Breast cancer 
Gln2714Term 
CAAtoTAA 


ATTTCATTGAGCGCAAATATATCTGAAACTTCTAGCAATAAAA 
CTAGTAGTGCAGATACCCAAAAAGTGGCCATTATTGAACTTA 
CAGATGGGTGGTATGCTGTTAAGGCCCAGTTAGATC 


1101 


GATCTAACTGGGCCTTAACAGCATACCACCCATCTGTAAGTT 
CAATAATGGCCAC 1 1 1 1 1 GGGTATCTGCACTACTAGTTTTATT 
GCTAGAAGTTTCAGATATATTTGCGCTCAATGAAAT 


1102 



WO 01/73002 PCT/US01/09761 

-111- 



Clinical PhenotypeS 
Mutation 


: ; Correcting 0Hgo 5 


ISEQ ID 

x::>::< : P.».V.*|::;:;-;-j 




CAGATACCCAAAAAGTG 


1103 


CACI 1 1 1 IGGGTATCTG 


1104 


Breast cancer 
Leu2776Term 
TTAtoTGA 


cagaactggtgggctctcctgatgcctgtacacctcttgaag 
ccccagaatctcttatghaaaggtaaattaatttgcactctt 

GGTAAAAATCARTrATTRATTrARTTAAATTrTA^A 

vjvj I nnnnn ■ OHO I OA 1 1 OA 1 1 V^AO 1 1 AAA 1 1 L» 1 AOA 


1105 


tctagmtrtaactgaatcaatgactgatttttaccaagagtg 
camttmtttacctttaacataagagattctggggcttcaag 

AGGTGTACAGGCATCAGGAGAGCCCACCAGTTCTG 


1106 


TCTTATGTTAAAGATTT 


1107 


AAATCTTTAACATAAGA 


1108 


Breast cancer 
Gln2893Term 
CAG to TAG 


CCTTTTGTTTTCTTAGAAAACACAACAAMCCATATTTACCATC 

ACGTGCACTAACAAGAC.AGCAAGTTCGTGCTTTGCAAGATGG 
TGCAGAGf;TTTATfiAARrAfiTr5AAr5AATr5PAr5rA^ 


1109 


CTGCTGCATTCTTCACTGCTTCATAAAGCTCTGCACCATCTTG 
CAAAGCACGAACTTGCTGTCTTGTTAGTGCACGTGATGGTAA 
ATATGGTTTTGTTGTGTTTTCTAAGAAAACAAAAGG 


1110 


TAACAAGACAGCAAGTT 


1111 


AACTTGCTGTCTTGTTA 


1112 


Breast cancer 
Ala2951Thr 
GCC to ACC 


AATCACAGGCAAATGTTGAATGATAAGAAACAAGCTCAGATC 

CAGTTGGAAATTAGGAAGGCCATGGAATCTGCTGAACAAAAG 
GAACAARGTTTATrAAnRRATnTrAPAAPPrSTrJTOOA 

wmwnnu Vj I I 1 A 1 OAAV3V313A 1 U 1 L» AL» AAoO 0 1 O 1 OUn 


1113 


TCCACACGGTTGTGACATCCCTTGATAAACCTTGTTCCTTTTG 
TTCAGCAGATTCCATGGCCTTCCTAATTTCCAACTGGATCTGA 
GCnGTTTCTTATCATTCAACATTTGCCTGTGATT 


1114 


TTAGGAAGGCCATGGAA 


1115 


TTCCATGGCCTTCCTAA 


1116 


Breast cancer 

Met3118Thr 

ATGtoACG 


ACMTTTACTGGCAATAAAGTTTTGGATAGACCTTAATGAGGA 
CATTATTAAGCCTCATATGTTAATTGCTGCAAGCAACCTCCAG 
TGGCGACCAGAATCCAAATCAGGCCTT CTTACTTT 


1117 


AAAGTAAGAAGGCCTGATTTGGATTCTGGTCGCCACTGGAG 

GTTGCTTGCAGCAATTAACATATGAGGCTTAATAATGTCCTCA 

TTAAGGTCTATCCAAAACTTTATTGCCAGTAAATTGT 


1118 


GCCTCATATGTTAATTG 


1119 


CAATTAACATATGAGGC 


1120 



WO 01/73002 
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Mutation 




- j^|Qj • 


Breast cancer 

Thr3401Met 

ACGtoATG 


GACTGAAACGACGTTGTACTAC ATPTPTft ATP A A Aft A AP Aft r 

AGAGTTCCCAGGCCAGTACGGAAGAATGTGAGAAAAATAAGC 
AGGACACAATTACAACTAAAAAATATATCTAAGCAn 


lul 




MTGCTTAGATATATTTTTTAGTTGTAATTGTGTCCTGCTTATT 

TTTCTCACATTCTTCCGTACTGGCCTGGGAACTCTCCTGTTCT 

TTGATCAGAGATGTAGTACAACGTCGTTTCAGTC 


1122 




GGCCAGTACGGAAGAAT 


1123 




ATTCTTCCGTArTRRfT 

nl 1 V/ V 1 WWW 1 nw 1 WWW W 


1124 


Breast cancer 
He3412Val 

ATT tn fZTT 


AAAGAAPAftftAftAftTTPPPAftftPPAftTAPPP a a^aatptp a 

r\nrv\jrm wrv v3 unonU 1 1 wwwMOOwwMO 1 M w w wAAlj AM 1 | o*A 

GAAAAATAAGCAGGACACAATTACAACTAAAAAATATATCTAA 

f^f^ A TTT^rt AAA AN A^ /*\ /"N * /*N A AT A A a * I i & j- LJ - L _- L . . . , 

GCATTTGCAAAGGCGACAATAAATTATTGACGCTTAA 


<f A or 

1125 




TTMGCGTCMTMTTTATTGTCGCCTTTGCAAATGCTTAGAT 
ATAI 1 1 1 1 1 AGTTGTMTTGTGTCCTGCnATTTTTCTCACATT 
CTTCCGTACTGGCCTGGGAACTCTCCTGTTCTTT 


1126 




AGGACACAATTACAACT 


1127 




AGTTGTAATTGTGTCCT 


1128 



EXAMPLE 9 
Cystic Fibrosis - CFTTR 

Cystic fibrosis is a lethal disease affecting approximately one in 2,500 live Caucasian 
births and is the most common autosomal recessive disease in Caucasians. Patients with this disease 
have reduced chloride ion permeability in the secretory and absorptive cells of organs with epithelial cell 
linings, including the airways, pancreas, intestine, sweat glands and male genital tract This, in turn, 
reduces the transport of water across the epithelia. The lungs and the Gl tract are the predominant organ 
systems affected in this disease and the pathology is characterized by blocking of the respiratory and Gl 
tracts with viscous mucus. The chloride impermeability in affected tissues is due to mutations in a specific 
chloride channel, the cystic fibrosis transmembrane conductance regulator protein (CFTR), which 
prevents normal passage of chloride ions through the cell membrane (Welsh et al., Neuron, 8:821-829 
(1992)). Damage to the lungs due to mucus blockage, frequent bacterial infections and inflammation is 
the primary cause of morbidity and mortality in CF patients and, although maintenance tV.rapy has 
improved the quality of patients' lives, the median age at death is still only around 30 years. There is no 
effective treatment for the disease, and therapeutic research is focused on gene therapy using 
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exogenous transgenes in viral vectors and/or activating the defective or other chloride channels in the cell 
membrane to normalize chloride permeability (Tizzano et al., J. Pediat, 1 20:337-349 (1 992)). However, 
the death of a teenage patient treated with an adenovirus vector carrying an exogenous CFTR gene in 
clinical trials in the late 1990*s has impacted this area of research. 

The oligonucleotides of the invention for correction of the CFTR gene are attached as a 

table. 



Table 16 

CFTR Mutations and Genome-Correcting Oligos 





/ • Correcting Oligos; . 


SEQiD 

HQ:: 


Cystic fibrosis 

Ala46Asp 

GCTtoGAT 


AAGGATACAGACAGCGCCTGGAATTGTCAGACATATACCAAA 
TCCCTTCTGTTGATTCTGCTGACAATCTATCTGAAAAATTGGA 
AAGGTATGTTCATGTACATTGTTTAGTTGAAGAGAG 


1129 




CTCTCTTCAACTAAACAATGTACATGAACATACCTTTCCAATTT 

TTCAGATAGATTGTCA6CAGAATCAACAGAAGGGATTTGGTA 

TATGTCTGACAATTCCAGGCGCTGTCTGTATCCTT 


1130 




TGATTCTGCTGACAATC 


1131 




GATTGTCAGCAGAATCA 


1132 


Cystic fibrosis 

Ser50Tyr 

TCTtoTAT 


AGCGCCTGGAATTGTCAGACATATACCAAATCCCTTCTGTTG 
ATTCTGCTGACAATCTATCTGAAAAATTGGAAAGGTATGTTCA 
TGTACATTGTTTAGTTGAAGAGAGAAATTCATATTA 


1133 




TAATATGAATTTCTCTCTTCAACTAAACAATGTACATGAACATA 
. CCTTTCCAAI 1 1 1 1 CAG ATAGATTGTCAGCAGAATCAACAGAA 
GGGATTTGGTATATGTCTGACAATTCCAGGCGCT 


i 1134 




CAATCTATCTGAAAMT 


1135 




ATTTTTCAGATAGATTG 


1136 


Congenital absence of 
vas deferens 
Glu56Lys 
GAA-AAA 


AGGACAACTAAAATATTTGCACATGCAACTTATTGGTCCCACT 
TTTTATTCTTTTGCAGAGAATGGGATAGAGAGCTGGCTTCAAA 
GAAAAATCCTAAACTCATTAATGCCCTTCGGCGAT 


1137 


ATCGCCGMGGGCAnMTGAGTTTAGGATTTTTCTTTGAAGC 

CAGCTCTCTATCCCATTCTCTGCAAAAGAATAAAAAGTGGGA 

CCAATAAGTTGCATGTGCAMTATTTTAGTTGTCCT 


1138 




TTTGCAGAGAATGGGAT 


1139 




ATCCCATTCTCTGCAAA 


1140 



WO 01/73002 



-114- 



PCT/US01/09761 



awcajphenptype& j, . . ..^^0,^ - ; ' 


. NO: 


Cystic fibrosis 

Trp57Gly 

TGGtoGGG 


AGGACAACTAAAATATTTGCACATGCAACTTATTGGTCCCACT 
TTnATTCTTTTGCAGAGMTGGGATAGAGAGCTGGCTTCAAA 
GAAAAATCCTAAACTCATTMTGCCCTTCGGCGAT 


1141 


ATCGCCGMGGGCATTMTGAGTTTAGGATTTTTCTTTGAAGC 

CAGCTCTCTATCCCATT£TCTGCAAMGAATAAAAAGTGGGA 

CCMTMGTTGCATGTGCAAATATTTTAGTTGTCCT 


1142 


TTTGCAGAGAATGGGAT 


1143 


ATCCCATTCTCTGCAAA 


1144 


Cystic fibrosis 

Trp57Term 

TGGtoTGA 


mctaamtatttgcacatgcmcttattggtcccactttttat 
tcttttgcagagaatgggatagagagctggcttcaaagaaaa 
atcctamctcattaatgcccttcggcgatgtttt 


1145 


AAMCATCGCCGMGGGCATTWGAGTTTAGGATTTTTCTTT 
GAAGCCAGCTCTCTATCCCATTCTCTGCAAAAGAATAAAAAGT 
GGGACCAATAAGTTGCATGTGCAAATATTTTAGTT 


1146 


AGAGAATGGGATAGAGA 


1147 


TCTCTATCCCATTCTCT 


1148 
1149 


Congenital absence of 
vas deferens 
Asp58Asn 
GATtoAAT 


ACTAAMTATTTGCACATGCMCTTATTGGTCCCACTTTTTATT 
CTTTTGCAGAGAATGGGATAGAGAGCTGGCTTCAAAGAAAAA 
TCCTAMCTCATTMTGCCCTTCGGCGATGTTTTT 


AAAMCATCGCCGMGGGCATTMTGAGTTTAGGATTTTTCTT 
TGAAGCCAGCTCTCTATCCCATTCTCTGCAAAAGAATAAAAAG 
TGGGACCAATAAGTTGCATGTGCAAATATTTTAGT 


1150 


GAGAATGGGATAGAGAG 


1151 


CTCTCTATCCCATTCTC 


1152 


Cystic fibrosis 
Glu60Term 
GAG to TAG 


ATATTTGCACATGCMCTTATTGGTCCCACTTTTTATTCTTTTG 
CAGAGAATGGGATAGAGAGCTGGCTTCAMGAAAAATCCTAA 
ACTCATTAATGCCCTTCGGCGATG 1 1 1 1 1 ICTGGA 


1153 


TCCAGAAAAAACATCGCCGAAGGGCATTAATGAGTTTAGGAT 
TTTTCTTTGAAGCCAGCTCTCTATCCCATTCTCTGCAAAAGAA 
TAAAAAGTGGGACCMTAAGTTGCATGTGCAAATAT 


1154 


GGGATAGAGAGCTGGCT 


1155 | 


AGCCAGCTCTCTATCCC 


1156 



WO 01/73002 



-115- 



PCT7US01/09761 



Clinical Phenotype & 
/ Mutation 


Correcting Oligos 


Piil 

NO: 


Cystic fibrosis 
Pro67Leu 
CCT to CTT 


GGTCCCACTTTTTATTCTTTTGCAGAGAATGGGATAGAGAGC 
TGGCTTCAAAGAAAAATCCTAAACTCATTAATGCCCTTCGGC 

P ATft MINI PTP P A P ATTT ATPTTPT ATP P A ATPTT 
OM lol 1 1 1 1 IUI VjvjAVjA l 1 1 A 1 o 1 1 lr J A 1 IjoAA lull 


1157 


AAGATTCCATAGAACATAAATCTCCAGAAAAAACATCGCCGAA 
GGGC ATTAATGAGTTTAGGA 1 1 1 1 1 CTTTGAAGCCAGCTCTCT . 
ATCCCATTCTCTGCAAAAGAATAAAAAGTGGGArr 


1158 


GAAAAATCCTAAACTCA 


1159 


TGAGI 1 IAGGAI 1 1 1 IC 


1160 


Cystic fibrosis 
Arg74Trp 
CGG to TGG 


TGCAGAGAATGGGATAGAGAGCTGGCTTCAAAGAAAAATCCT 
AAACTCATTAATGCCCTTCGGCGATG 1 1 1 1 1 ICTGGAGATTTA 

TfTTTfTATPftAATPT 1"T TTATATTTAPPPPTA APP A 


1161 


TCCTTACCCCTAAATATAAAAAGATTCCATAGAACATAAATCT 
CCAGAAAAAACATCGCCGAAGGGCATTAATGAGTTTAGGATT 
TTTCTTTGAAGCCAGCTCTCTATCCCATTCTCTGrA 


1162 


ATGCCCTTCGGCGATGT 


1163 


ACATCGCCGAAGGGCAT 


1164 


Congenital absence of 
vas deferens 

CGAtoCAA 


GAGAATGGGATAGAGAGCTGGCTTCAAAGAAAAATCCTAAAC 
TCATTMTGCCCTTCGGCGATGTTTTTTCTGGAGATTTATGTT 

PTATPPAATPI 1 1 1 1 ATA 1 ITAPPPPTA A^OAT^Tn 

wlnl bo/w IUIIIIIAIAIII Abobb 1 AAbGATCTC 


1165 


GAGATCCTTACCCCTAAATATAAAAAGATTCCATAGAACATAA 
ATCTCCAGAAAAAACATCGCCGAAGGGCATTAATGAGTTTAG 
GATTTTTCTTTGAAGCCAGCTCTCTATCCCATTrTr 


1166 


CCTTCGGCGATGTTTTT 


1167 


AAAAACATCGCCGAAGG 


1168 


Cystic fibrosis 
Arg75Leu 
CGA to CTA 

wvj/a iu win 


GAGAATGGGATAGAGAGCTGGCTTCAAAGAAAAATCCTAAAC 
TCATTAATGCCCTTCGGCGATGI 1 1 1 1 1 CTGGAGATTTATGTT 

PTATftPAATPI ! I 1 I ATATTTA PPPPTA A PP A TPTP 
\j\t\\ ooMM \ l 1 | IAIAI 1 1 Aouoo 1 AAovjA 1 U 1 U 


1169 


GAGATCCTTACCCCTAAATATAAAAAGATTCCATAGAACATAA 
ATCTCCAGAAAAAACATCGCCGAAGGGCATTAATGAGTTTAG 
GATTTTTCTTTGAAGCCAGCTCTCTATCCCATTCTC 


1170 


CCTTCGGCGATGTTTTT 


1171 


AAAAACATCGCCGAAGG 


1172 


Cystic fibrosis 

Arg75Term 

CGAtoTGA 


AGAGAATGGGATAGAGAGCTGGCTTCAAAGAAAAATCCTAAA 
CTCATTAATGCCCTTCGGCGATG 1 1 1 1 1 1 CTGGAGATTTATGT 
TCTATGGMTCTTTTTATATTTAGGGGTAAGGATCT 


1173 



WO 01/73002 



-116- 



PCT/US01/09761 





' ' Correctin Ol go ' 


SEQ't&r 

so N 




AGATCCTTACCCCTAAATATAAAAAGATTCCATAGAACATAAA 
TCTCCAGAAAAAACATCGCCGAAGGGCATTAATGAGTTTAGG 
Al 1 1 1 1 CTTTGAAGCCAGCTCTCTATCCCATTCTCT 


1174 


CCCTTCGGCGAIGIIII 


1175 


A A A AP ATPfi rm A APfSP 


1176 


Cystic fibrosis 

Gly85Glu 

GGAtoGAA 


A A A ATPPTA A APTP ATT A ATPr > CVTTP/">P/" > r» at/-» r*r*rm nr/> 

mmmm i i aaau l UA 1 1 AA 1 uuL/U 1 1 L>uoL>oA 1 oTTTTTTCTG 
GAGATTTATGTTCTATGG AATC 1 1 1 1 1 ATATTTAGGGGTAAGG 
ATCTCATTTGTACATTCATTATGTATCACATAACT 


1177 


AGTTATGTGATACATAATGAATGTACAMTGAGATCCTTACCC 
CTAAATATAAAAAGATTCCATAGAACATAAATCTCCAGAAAAA 
ACATCGCCGAAGGGCATTAATGAGTTTAGGATTTT 


1178 


GTTCTATGGAA 1 C 1 1 1 1 


1179 


A A A Aft ATTPP AT A P A A P 


1180 


Cystic fibrosis 

Gly85Val 

GGAtoGTA 


A A A ATPPTA A APTP ATT A ATPPPPTTPPP/^P a to i i i i i i r^~rr^ 
MMMM 1 1 AMMO 1 OA 1 IAAI bUO 0 1 1 LbolrbATG 1 1 1 1 1 1 CTG 

GAGAT1TATGTTCTATGGMTCTTTTTATATTTAGGGGTAAGG 
ATCTCATTTGTACATTCATTATGTATCACATAACT 


1181 


AGTTATGTGATACATAATGAATGTACAAATGAGATCCTTACCC 
CTAAATATAAAAAGATTCCATAGAACATAAATCTCCAGAAAAA 
ACATCGCCGMGGGCAnMTGAGTTTAGGATTTT 


1182 


GTTCTATGGAA ICI 1 1 1 


1183 


AAAAftATTPPATAftAAP 
n/vWOrtl l_U W\ 1 AbAAO 


1184 


Cystic fibrosis 

Leu88Ser 

TTAtoTCA 


A APTP ATTAATftPPPTTPftPPP ATP 1 I I 1 1 i pt^p a pa i i i at 
m/ao i w\ i i mm I ouuu I 1 1 b 1 1 I II 1 U 1 bbAbAI 1 IAT 

GTTCTATGGAATC 1 1 1 1 TATATTTAGGGGTAAGGATCTCATTT 

GTACATTCATTATGTATCACATAACTATATGCATT 


1185 


AATGCATATAGTTATGTGATACATAATGAATGTACAAATGAGA 
TCCTTACCCCTAAATATAAAAAGATTCCATAGAACATAAATCT 
CCAGAAAAAACATCGCCGAAGGGCATTAATGAGTT 


1186 


AAICIIIIIAIAIIIAG 


1187 


CTAAATATAAAAAGATT 


lloo 


Cystic fibrosis 

Phe87Leu 

TTTtoCTT 


CCTAMCTCATTMTGCCCTTCGGCGATGTTTTTTCTGGAGAT 

TTATGTTCTATGGAATCTTTrTATATTTAGGGGTAAGGATCTC 

ATTTGTACATTCATTATGTATCACATAACTATATG 


1189 


CATATAGTTATGTGATACATAATGAATGTACAAATGAGATCCT 
TACCCCTAAATATAAAAAGATTCCATAGAACATAAATCTCCAG 
AAAAAACATCGCCGAAGGGCATTAATGAGTTTAGG 


1190 



WO 01/73002 



-117- 



PCT/US01/09761 



: ' Mutation 


i ' : Correcting Oligos ., . V^" 

1 — ' ^ «*■ - — : — < - ■ ■ ■- 


SEQ10 
NO* 




ATGGAATCH 1 1 IAIAI 


1191 


ATATAAAAAGATTCCAT 


1192 


Cystic fibrosis 

Leu88Term 

TTAtoTGA 


MCTCAnMTGCCCTTCGGCGATGTTTTTTCTGGAGATTTAT 
GTTCTATGGAATC 1 1 1 1 lATATTTAGGGGTAAGGATCTCATTT 
GTACATTCATTATGTATCArATAArTATATfiPATT 


1193 


AATGCATATAGTTATGTGATACATAATGAATGTACAAATGAGA 
TCCTTACCCCTAMTATAAAAAGATTCCATAGAACATAAATCT 
CCAGAAAAAACATCGCCGAAGGGCATTAATGAGTT 


1194 


AAICIIIIIAIAIUAG 


1195 


CTAAATATAAAAAGATT 


1196 


Cystic fibrosis 

Leu88Term 

TTAtoTAA 


AACTCATTAATGCCC 1 ICGGCGAIGI / 1 1 1 ICIGGAGATTTAT 

GTTCTATGGMTCTTTTTATATTTAGGGGTAAGGATCTCATTT 
GTACATTCATTATGTATCACATAArTATATfiPATT 


1197 


aatgcatatagttatgtgatacataatgaatgtacaaatgaga' 
tccmcccctamtataaaaagattccatagaacataaatct 

CCAGAAAAAACATCGCCGAAGGGCATTAATGAGTT 


1198 


AAlCIIIITAIAIirAG 


1199 


CTAAATATAAAAAGATT 


1200 


Cystic fibrosis 
Gly91Arg 
GGG to AGG 


MTGCCCnCGGCGATGTTTrTTCTGGAGATTTATGTTCTATG 
GAATCI 1 1 1 1 ATATTTAGGGGTAAGGATCTCATTTGTACATTC 
ATTATGTATCAPATAAPTATATflrA 1 1 1 1 1 (TTY2AT 


1201 


ATCACAAAAATGCATATAGTTATGTGATACATAATGAATGTAC 
AAATGAGATCCTTACCCCTAAATATAAAAAGATTCCATAGAAC 
ATAAATCTCCAGAAAAAACATCGCCGAAGGGCATT 


1202 . 


TATATTTAGGGGTAAGG 


1203 


CCTTACCCCTAAATATA 


1204 


Cystic fibrosis 

Gln98Arg 

CAGtoCGG 


MTAMTGAMTTTMTTTCTCTGTTTTTCCCCTTTTGTAGGAA 
GTCACCAAAGCAGTACAGCCTCTCTTACTGGGAAGAATCATA 
GCTTCCTATGACCCGGATAACAAGGAGGAACGCTC 


1205 


GAGCGTTCCTCCTTGTTATCCGGGTCATAGGAAGCTATGATT 
CTTCCCAGTAAGAGAGGCTGTACTGCTTTGGTGACTTCCTAC 
AAMGGGGAAAMCAGAGAMTTAAATTTCATTTATT 


1206 


AGCAGTACAGCCTCTCT 


1207 


AGAGAGGCIGTACTGCT 


1208 



WO 01/73002 
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;;GJinicai Phenptyplil 
I 1 Mutation 


onj ct'ttgQfigos ? _ ^ ^ ^ _ 




Cystic fibrosis 

Gln98Term 

CAG-TAG 


AAATA A ATft A A ATTTA ATTTPTPTOTTTTTPPPPTTTTPT a nn a 

AGTCACCAAAGCAGTACAGCCTCTCTTACTGGGMGMTCAT 
AGCTTCCTATGACCCGGATAACAAGGAGGAACGCT 


1209 


AGCGTTCCTCCTTGTTATCCGGGTCATAGGAAGCTATGATTC 
TTCCCAGTAAGAGAGGCTGTACTGCTTTGGTGACTTCCTACA 
AAAGGGGAAAAACAGAGAAATTAAATTTCATTTATTT 


1210 


AAGCAGTACAGCCTCTC 


1211 


GAGARGCTGTArTRPTT 


1212 


Cystic fibrosis 

Ser108Phe 

TCCtoTTC 


P.P.P 1 1 1 1 P/TAP.P.A AP.TP a pp a a a pp a pt a p a rrrrrTfTT a 

www 1 1 1 1 V3 1 /VOWvvJ 1 L>AL>vAAr\OwAl3 1 AOMol/U ILIUM AL> 

TGGGAAGAATCATAGCTTCCTATGACCCGGATAACAAGGAGG 
AACGCTCTATCGCGATTTATCTAGGCATAGGCTTATG 


1213 


CATAAGCCTATGCCTAGATAAATCGCGATAGAGCGTTCCTCC 
TTGTTATCCGGGTCATAGGAAGCTATGATTCTTCCCAGTMG 
AGAGGCTGTACTGCTTTGGTGACTTCCTACAAAAGGG 


1214 


CATAGCTT£CTATGACC 


1215 


PiP.TPATAPi(5AAP,PTATP 


1216 


Cystic fibrosis 

Tyr109Cys 

TATtoTGT 


TTTTfnTArtftAArtTPAPPAAAr;PAPTAPAPPr , T^Tr>TTAOT , ^/> 

GAAGAATCATAGCTTCCTATGACCCGGATAACAAGGAGGAAC 
GCTCTATCGCGATTTATCTAGGCATAGGCTTATGCCT ; 


1217 


AGGCATAAGCCTATGCCTAGATAAATCGCGATAGAGCGTTCC 

TCCTTGTTATCCGGGTCATAGGAAGCTATGATTCTTCCCAGT 

AAGAGAGGCTGTACTGCTTTGGTGACTTCCTACAAM 


1218 


AGCTTCCTATGACCCGG 


1219 


CCGGGTCATAGGAAGCT 


1220 


Cystic fibrosis 
AspHOHis 

Pap n> fin* 
10 LAO 


TTGTAGGAAGTC AHP AAAf^P ACTAP AfiPPTPTPTT A ptppp a 

AGAATCATAGCTTCCTATGACCCGGATAACAAGGAGGAACGC 
TCTATCGCGATTTATCTAGGCATAGGCTTATGCCTTC 


1221 


GAAGGCATAAGCCTATGCCTAGATAAATCGCGATAGAGCGTT 

CCTCCTTGTTATCCGGGTCATAGGAAGCTATGATTCTTCCCA 

GTAAGAGAGGCTGTACTGCTTTGGTGACTTCCTACAA 


1222 


CTTCCTATGACCCGGAT 


1223 


ATCCGGGTCATAGGAAG 


1224 



WO 01/73002 
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Clinical Phenotype & 
. , Mutation ' 




SEQIO 

NO: 


Congenital absence of 
vas deferens 
Pro111Leu 
CCGtoCTG 


AGGAAGTCACCAAAGCAGTACAGCCTCTCTTACTGGGAAGAA 
TCATAGCTTCCTATGACCCGGATAACAAGGAGGAACGCTCTA 
TCGCGATTTATCTAGGCATAGGCTTATGCCTTCTCTT 


1225 


AAGAGAAGGCATAAGCCTATGCCTAGATAAATCGCGATAGAG 

CGTTCCTCCTTGTTATCCGGGTCATAGGAAGCTATGATTCTT 

CCCAGTMGAGAGGCTGTACTGCTTTGGTRAPTTf'TT 


1226 




CTATGACCCGGATAACA 


1227 




TGTTATCCGGGTCATAG 


1228 


Cystic fibrosis 

Arg117Cys 

CGCtoTGC 


GTACAGCCTCTCTTACTGGGAAGAATCATAGCTTCCTATGAC 

CCGGATAACAAGGAGGAACGCTCTATCGCGATTTATCTAGGC 

ATAGGCTTATGCCTTCTCTTTATTGTGAGGACACTGC 


1229 




GCAGTGTCCTCACAATAAAGAGAAGGCATAAGCCTATGCCTA 
GATAAATCGCGATAGAGCGTTCCTCCTTGTTATCCGGGTCAT 
AGGMGCTATGATTCTTCCCAGTAAGAGAGfirrGTAr 


1230 




AGGAGGAACGCTCTATC 


1231 




GATAGAGCGTTCCTCCT 


1232 


Cystic fibrosis 

Arg117His 

CGCtoCAC 


TACAGCCTCTCTTACTGGGAAGAATCATAGCTTCCTATGACC 

CGGATAACAAGGAGGAACGCTCTATCGCGATTTATCTAGGCA 

TAGGCTTATGCCTTCTCTTTATTGTGAGGAPArTGrT 


1233 




AGCAGTGTCCTCACAATAAAGAGAAGGCATAAGCCTATGCCT 
AGATAAATCGCGATAGAGCGTTCCTCCTTGTTATCCGGGTCA 
TAGGAAGCTATGATTCTTCCCAGTAAGAGAGGrTGTA 


1234 




GGAGGAACGCTCTATCG 


1235 




CGATAGAGCGTTCCTCC 


1236 


Cystic fibrosis 

Arg117Leu 

CGCtoCTC 


TACAGCCTCTCTTACTGGGAAGAATCATAGCTTCCTATGACC 

CGGATAACAAGGAGGAACGCTCTATCGCGATTTATCTAGGCA 

TAGGCTTATGCCTTCTCTTTATTGTGAGGACACTGCT 


1237 




AGCAGTGTCCTCACAATAAAGAGAAGGCATAAGCCTATGCCT 
AGATAAATCGCGATAGAGCGTTCCTCCTTGTTATCCGGGTCA 
TAGGAAGCTATGATTCTTCCCAGTAAGAGAGGCTGTA 


1238 




GGAGGAACGCTCTATCG 


1239 




CGATAGAGCGTTCCTCC 


1240 



WO 01/73002 PCT/US01/09761 



-120- 




HQ'. 


Cystic fibrosis 

Arg117Pro 

CGCtoCCC 


TACAGCCTCTCTTACTGGGAAGAATCATAGCTTCCTATGACC 

CGGATAACAAGGAGGAACGCTCTATCGCGATTTATCTAGGCA 

TAGGCTTATGCCTTCTCTTTATTGTGAGGACACTGCT 


1241 




AGCAGTGTCCTCACAATAAAGAGAAGGCATAAGCCTATGCCT 
AGATAAATCGCGATAGAGCGTTCCTCCTTGTTATCCGGGTCA 
TAGGAAGCTATGATTCTTCCCAGTAAGAGAGGCTGTA 


1242 




GGAGGAACGCTCTATCG 


1243 




CGATAGAGCGTTCCTCC 


1244 


Cystic fibrosis 

Ala120Thr 

GCG-ACG 


CTCTTACTGGGAAGMTCATAGCTTCCTATGACCCGGATAAC 
AAGGAGGAACGCTCTATCGCGATTTATCTAGGCATAGGCTTA 
TGCCTTCTCTTTATTGTGAGGACACTGCTCCTACACC 


1245 




GGTGTAGGAGCAGTGTCCTCACAATAAAGAGAAGGCATAAG 
CCTATGCCTAGATAAATCGCGATAGAGCGTTCCTCCTTGTTA 
TCCGGGTCATAGGAAGCTATGATTCTTCCCAGTAAGAG 


1246 




GCTCTATCGCGATTTAT 


1247 




ATAAATCGCGATAGAGC 


1248 


Cystic fibrosis 

Tyr122Term 

TATtoTAA 


GGGAAGMTCATAGCTTCCTATGACCCGGATAACMGGAGGA 

ACGCTCTATCGCGATTTAICTAGGCATAGGCTTATGCCTTCT 

CTTTATTGTGAGGACACTGCTCCTACACCCAGCCATT 


1249 




AATGGCTGGGTGTAGGAGCAGTGTCCTCACAATAAAGAGAA 

GGCATAAGCCTATGCCTAGATAAATCGCGATAGAGCGTTCCT 

CCTTGTTATCCGGGTCATAGGAAGCTATGATTCTTCCC 


1250 




GCGATTTATCTAGGCAT 


1251 




ATGCCTAGATAAATCGC 


1252 


Cystic fibrosis 

Gly126Asp 

GGC-GAC 


TAGCTTCCTATGACCCGGATAACAAGGAGGAACGCTCTATCG 
CGATTTATCTAGGCATAGGCTTATGCCTTCTCTTTATTGTGAG 
GACACTGCTCCTACACCCAGCCAI 1 IT IGGCCTTCA 


1253 




TGAAGGCCAAAAATGGCTGGGTGTAGGAGCAGTGTCCTCAC 
AATAAAGAGAAGGCATAAGCCTATGCCTAGATAAATCGCGAT 
AGAGCGTTCCTCCTTGTTATCCGGGTCATAGGAAGCTA 


1254 




AGGCATAGGCTTATGCC 


1255 




GGCATAAGCCTATGCCT 


1256 



WO 01/73002 



-121- 



PCT/US01/09761 



Clinical Phenotype'fc 
Mutation 




Cystic fibrosis 
His139Arg 
CAC to CGC 


TCGCGATTTATCTAGGCATAGGCTTATGCCTTCTCTTTATTGT 
GAGGACACTGCTCCTACACCCAGCCA 1 1 1 1 IGGCCTTCATCA 
CATTGGAATGCAGATGAGAATAGCTATGTTTAGTTT 


1257 


AAACTAAACATAGCTATTCTCATCTGCATTCCAATGTGATGAA 
GGCCAAAAATGGCTGGGTGTAGGAGCAGTGTCCTCACAATA 
AAGAGAAGGCATAAGCCTATGCCTAGATAAATCGCGA 


1258 


GCTCCTACACCCAGCCA 


1259 


TGGCTGGGTGTAGGAGC 


1260 


Cystic fibrosis 
AIa141Asp 
GCC to GAC 


TTTATCTAGGCATAGGCTTATGCCTTCTCTTTATTGTGAGGAC 
ACTGCTCCTACACCCAGCCAI 1 1 1 1 GGCCTTCATCACATTGG 
AATGCAGATGAGAATAGCTATGTTTAGTTTGATrTA 


1261 


TAAATCAAACTAAACATAGCTATTCTCATCTGCATTCCAATGT 
GATGAAGGCCAAAAATGfiCTGGGTGTAGGAGCAGTGTCCTC 
ACAATAAAGAGAAGGCATAAGCCTATGCCTAGATAAA 


1262 


ACACCCAGCCATTTTTG 


1263 


CAAAAATGGCTGGGTGT 


1264 


Cystic fibrosis 
He148Thr 
ATT to ACT 


GCCTTCTCTTTATTGTGAGGACACTGCTCCTACACCCAGCCA 
TTTTTGGCCTTCATCACATTGGAATGCAGATGAGAATAGCTAT 
GTTTAGTTTGATTTATAAGAAGGTAATACTTCCTTG 


1265 


CAAGGAAGTATTACCTTCTTATAAATCAAACTAMCATAGCTA 
TTCTCATCTGCATTCCAATGTGATGAAGGCCAAAAATGGCTG 
GGTGTAGGAGCAGTGTCCTCACAATAAAGAGAAGGC 


1266 


TCATCACATTGGAATGC 


1267 


GCATTCCAATGTGATGA 


1268 


Cystic fibrosis 

Gly149Arg 

GGAtoAGA 


CTTCTCTTTATTGTGAGGACACTGCTCCTACACCCAGCCATTT 
TTGGCCTTCATCACATTGGAATGCAGATGAGAATAGCTATGTT 
TAGTTTGATTTATAAGAAGGTAATACTTCCTTGCA 


1269 


TGCAAGGAAGTATTACCTTCTTATAAATCAAACTAAACATAGC 

TATTCTCATCTGCATTCCAATGTGATGAAGGCCAAAAATGGCT 

GGGTGTAGGAGCAGTGTCCTCACAATAAAGAGAAG 


1270 


ATCACATTGGAATGCAG 


1271 


CTGCATTCCAATGTGAT 


1272 



WO 01/73002 
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Clinical Phenotype & 
! : Mutation /:- 


; , . Correcting Ofigos / ; 

-<••-. ■ : . ... • - 


SEC 
t4Q: 


Cysticfibrosis 

Gln151Term 

CAGtoTAG 


i 1 1 n 1 1 vs I on(juAW\0 1 <jU 1 UL» 1 AUAuOuAvaOUA 1 1 1 1 TboC 
CTTCATCACATTGGMTGCAGATGAGAATAGCTATGTTTAGTT 
TGATTTATAAGAAGGTAATACTTCCTTGCACAGGCC 


1273. 


GGCCTGTGCAAGGAAGTATTACCTTCTTATAAATCAAACTAAA 
CATAGCTATTCTCATCTGCATTCCAATGTGATGAAGGCCAAAA 
ATGGCTGGGTGTAGGAGCAGTGTCCTCACAATAAA 


1274 


TTGGAATGCAGATGAGA 


1275 




1276 


Cystic fibrosis 

Lys166Glu 

AAG-GAG 


A ATATA 1 1 1 OTA 1 1 1 1 1 1 1 OTT/^A A ATTAT/vrji i/vm aa a i i i 

/wiftiMi i ioiai 1 1 ibl 1 lot loAAAl 1 ATCTAAC 1 1 1 CCATTT 
TTCTTnAGACTTTAAAGCTGTCAAGCCGTGTTCTAGATAAAA 
TAAGTATTGGACAACTTGTTAGTCTCCTTTCCA 


1277 


TGGAAAGGAGACTAACAAGTTGTCCAATACTTATTTTATCTAG 
AACACGGCTTGACAGCTJT AAAGTCTAAAAGAAAAATGGAAA 
GTTAGATAATTTCAACAAACAAAATACAAATATATT 


1278 


AGACTTTAAAGCTGTCA 


1279 


TCX A P A ft PTTT A A A ftTPT 


1280 


Cystic fibrosis 

He175Val 

ATA-GTA 


1 iaiojaaoi 1 lUOAl 1 1 1 llrl 1 1 IAGACI 1 lAAAGCTGTCAAG 
CCGTGTTCTAGATAAAATAAGTATTGGACAACTTGTTAGTCTC 
CTTTCCAACAACCTGAACAAATTTGATGAAGTAT 


1281 


ATACTTCATCAMTTTGTTCAGGTTG7TGGAAAGGAGACTAAC 
MGTTGTCCMTACTTAITTTATCTAGAACACGGCTTGACAGC 
TTTAAAGTCTAAAAGAAAAATGGAAAGTTAGATAA 


1282 


TAGATAAAATAAGTATT 


1283 


AATAPTTATTTTATPTA 


A <ir> A 

1284 


Cystic fibrosis 

Gly178Arg 

GGAtoAGA 


TTTPPA 1 1 1 1 1 PTTTTAftAPTTTA AAPPTPTr'A i\r*r L nr s ~rr*TTnT 
i i i uum i i m llrl M I MoAU 1 1 1 AAAou 1 o 1 oAAbULo 1 1 TUT 

AGATAAMTAAGTATTGGACAACTTGTTAGTCTCCTTTCCAAC 
AACCTGAACAAATTTGATGAAGTATGTACCTATT 


1285 


AATAGGTACATACTTCATCAAATTTGTTCAGGTTGTTGGAAAG 
GAGACTMCMGnGTCCMTACTTATTTTATCTAGAACACGG 
CTTGACAGCTTTAAAGTCTAAAAGAAAMTGGAAA 


1286 


TAAGTATTGGACAACTT 


1287 


AAGTTGTCCAATACTTA 


1288 


Cystic fibrosis 

His199Gln 

CATtoCAG 


MGATACMTGACACCTGTTmGCTGTGCTTTTATTTTCCAG 
GGACTTGCATTGGCACATTTCGTGTGGATCGCTCCTTTGCAA 
GTGGCACTCCTCATGGGGCTAATCTGGGAGTTGTTA 


1289 



WO 01/73002 
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! ; ; Correcting Oligos 


Nil 




TAACMCTCCCAGATTAGCCCCATGAGGAGTGCCACTTGCAA 
AGGAGCGATCCACACGAAATGTGCCAATGCAAGTCCCTGGA 
AAATAAAAGCACAGCAAAAACAGGTGTCATTGTATCTT 


1290 


TTGGCACATTTCGTGTG 


1291 


CACACGAAATGTGCCAA 


1292 


Cystic fibrosis 
His199Tyr 
CAT to TAT 

W/\ 1 IV 1 # \ 1 


GGAAGATACAATGACACCTG1 I'll IGCIGIGCI 1 1 1 Al 1 1 ICC 

AGGGACTTGCATTGGCACATTTCGTGTGGATCGCTCCTTTGC 
AAGTGGP APTPPTP atrrrrpt A ATPmrsr: A PTTPT 


1293 


ACAACTCCCAGATTAGCCCCATGAGGAGTGCCACTTGCAAAG 

GAGCGATCCACACGAAATGTGCCAATGCAAGTCCCTGGAAA 

ATAAAAGCACAGCAAAAACAGGTGTCATTGTATCTTCC 


1294 


CATTGGCACATTTCGTG 


1295 


CACGAAATGTGCCAATG 


1296 


Cystic fibrosis 
Pro205Ser 
CCT to TCT 


llil 1 1 1 IGUUIUUI rnATTTTCCAGGGACTTGCATTGGCAC 

ATTTCGTGTGGATCGCTCCTTTGCAAGTGGCACTCCTCATGG 
GGPTAATPTf5Rf?Ar5"nY5TTAPAr2ftpr;TPTr;orTTr x T 


1297 | 


AGAAGGCAGACGCCTGTAACAACTCCCAGATTAGCCCCATG 
AGGAGTGCCACTTGCAAAGGAGCGATCCACACGAAATGTGC 
CAATGCAAGTCCCTGGAAAATAAAAGCACAGCAAAAACA 

v ' w 1 1 wwi w »w i www i w wivirv\ I nnnnuvnwnVJvn/VVViUn 


1298 


GGATCGCTCCTTTGCAA 


1299 


TTGCAAAGGAGCGATCC 


1300 


Cystic fibrosis 
Leu206Trp 
TTG to TGG 


1 1 rGCTGTGCTTTTATTTTCCAGGGACTTGCATTGGCACATTT 
CGTGTGGATCGCTCCTTTGCAAGTGGCACTCCTCATGGGGC 

i n/A I w 1 uOunvj MOM AunuoUo 1 w I Oul/ 1 i w 1 o 1 ob 


1301 


CCACAGAAGGCAGACGCCTGTAACAACTCCCAGATTAGCCC 
CATGAGGAGTGCCACTTGCAAAGGAGCGATCCACACGAAAT 
GTGCCAATGCAAGTCCCTGGAAAATAAAAGCACAGPAAA 


1302 


CGCTCCTTTGCAAGTGG 


1303 


CCACTTGCAAAGGAGCG 


1304 


Cystic fibrosis 

Gln220Term 

CAGtoTAG 


TTCGTGTGGATCGCTCCTTTGCAAGTGGCACTCCTCATGGG 
GCTAATCTGGGAGTTGTTACAGGCGTCTGCCTTCTGTGGACT 
TGGTTTCCTGATAGTCCTTGCCC 1 1 1 1 ICAGGCTGGGC 


1305 


GCCCAGCCTGAAAAAGGGCAAGGACTATCAGGAAACCAAGT 
CCACAGAAGGCAGACGCCTGJAACAACTCCCAGATTAGCCC 
CATGAGGAGTGCCACTTGCAAAGGAGCGATCCACACGAA 


1306 
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r |lin|caj;P%n6|yp^ &p 




SEQID 

NO: 




AGTTGTTACAGGCGTCT 


1307 




AGACGCCTGTAACAACT 


13U8 


Cystic fibrosis 

Cys225Arg 

TGT-CGT 


CCTTTGCAAGTGGCACTCCTCATnfififirTAATrTnnnAriTT 

v/w i i i wnnu i vuuno I l v/rA i OOOOv/ 1 nn 1 w 1 OvJunO 1 1 

GTTACAGGCGTCTGCCTTCTGTGGACTTGGTTTCCTGATAGT 
CCTTGCCCTTTTTCAGGCTGGGCTAGGGAGAATGATGA 


1309 




TCATCATTCTCCCTAGCCCAGCCTGAAAAAGGGCAAGGACTA 

TCAGGAAACCAAGTCCACAGAAGGCAGACGCCTGTAACAAC 

TCCCAGATTAGCCCCATGAGGAGTGCCACTTGCAAAGG 


1310 




CTGCCTTCTGTGGACTT 


1311 




AAGTCCACAGAAGGCAG 


1312 


Cystic fibrosis 

Val232Asp 

GTCtoGAC 


TGGGGCTMTnTRnfiAnTT^TTArAn^rr^TrTnrrTTrTnT 

i uuuuvy i run i \j i oooriO MOM nUnOVjOb 1 O I uUU 1 1 U 1 O 1 

GGACTTGGTTTCCTGATAGTCCnGCCCTTTTTCAGGCTGGG 
CTAGGGAGAATGATGATGAAGTACAGGTAGCAACCTAT 


1313 




ATAGGTTGCTACCTGTACTTCATCATCATTCTCCCTAGCCCA 
GCCTGAAAAAGGGCAAGGACTATCAGGAAACCAAGTCCACA 
GAAGGCAGACGCCTGTAACAACTCCCAGATTAGCCCCA 


1314 




CCTGATAGTCCTTGCCC 


1315 




GGGCAAGGACTATTAfift 


1316 


Cystic fibrosis 
Gly239Arg 

OOO lU MOO 


GTTAC AGGCCTnTfirrTTPTftTftft APTTfiriTTTr ptp at a pt 

CCTTGCCCTTTTTCAGGCIGGGCTAGGGAGAATGATGATGAA 
biAUAbGTAGCAACCTAI 1 1 1 CATAACTTGAAAGTTT 


1317 




AAACTTTCAAGTTATGAAAATAGGTTGCTACCTGTACTTCATC 

ATCATTCTCCCTAGCCCAGCCTGAAAAAGGGCAAGGACTATC 

AGGAAACCAAGTCCACAGAAGGCAGACGCCTGTAAC 


1318 




TTTCAGGCIGGGCTAGG 


1319 




CCTAGCCCAGCCTGAAA 


1320 



EXAMPLE 10 
Cvclin-deoendent kinase inhibitor 2A • CDKN2A 

The human CDKN2A gene was also designated MTS-1 for multiple tumor suppressor-1 
and has been implicated in multiple cancers including, for example, malignant melanoma. Malignant 
melanoma is a cutaneous neoplasm of melanocytes. Melanomas generally have features of asymmetry, 
irregular border, variegated color, and diameter greater than 6 mm. The precise cause of melanoma is 
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unknown, but sunlight and heredity are risk factors. Melanoma has been increasing during the past few 
decades. 

The CDKN2A gene has been found to be homozygously deleted at high frequency in cell 
lines derived from tumors of lung, breast brain, bone, skin, bladder, kidney, ovary, and lymphocyte. 
Melanoma cell lines carried at least one copy of CDKN2A in combination with a deleted allele. Melanoma 
cell lines that carried at least 1 copy of CDKN2A frequently showed nonsense, missense, or frameshift 
mutations in the gene. Thus, CDKN2A may rival p53 (see Example 5) in the universality of its 
involvement in tumorigenesis. The attached table discloses the correcting oligonucleotide base 
sequences for the CDKN2A oligonucleotides of the invention. 



Table 17 

CDKN2A Mutations and Genome-Correcting Oliqos 



IfCfinical Phenotype'i : ; 
Mutation 


Correcting OHgos 


SEQID 
NO: 


Melanoma 
Trp15Term 
TGG-TAG 


GGGCGGCGGGGAGCAGCATGGAGCCGGCGGCGGGGAGCAG 
CATGGAGCCTTCGGCTGACTGGCTGGCCACGGCCGCGGCCC 
GGGGTCGGGTAGAGGAGGTGCGGGCGCTGCTGGAGGCGGG 


1321 


CCCGCCTCCAGCAGCGCCCGCACCTCCTCTACCCGACCCCG 
GGCCGCGGCCGTGGCCAGCCAGTCAGCCGAAGGCTCCATGC 
TGCTCCCCGCCGCCGGCTCCATGCTGCTCCCCGCCGCCC 


1322 


GGCTGACTGGCTGGCCA 


1323 


TGGCCAGCCAGTCAGCC 


1324 


Melanoma 
Leu16Pro 
CTG-CCG 


CGGCGGGGAGCAGCATGGAGCCGGCGGCGGGGAGCAGCAT 
GGAGCCTTCGGCTGACTGGCIGGCCACGGCCGCGGCCCGG 
GGTCGGGTAGAGGAGGTGCGGGCGCTGCTGGAGGCGGGGG 
C 


1325 


GCCCCCGCCTCCAGCAGCGCCCGCACCTCCTCTACCCGACC 
CCGGGCCGCGGCCGTGGCCAGCCAGTCAGCCGAAGGCTCC 
ATGCTGCTCCCCGCCGCCGGCTCCATGCTGCTCCCCGCCG 


1326 


TGACTGGCTGGCCACGG 


1327 


CCGTGGCCAGCCAGTCA 


1328 


Melanoma 
Gly23Asp 
GGT-GAT 


CGGCGGCGGGGAGCAGCATGGAGCCTTCGGCTGACTGGCTG 
GCCACGGCCGCGGCCCGGGGTCGGGTAGAGGAGGTGCGGG 
CGCTGCTGGAGGCGGGGGCGCTGCCCAACGCACCGAATAG 


1329 


CTATTCGGTGCGTTGGGCAGCGCCCCCGCCTCCAGCAGCGC 

CCGCACCVCCTCTACCCGAC.CCCGGGCCGCGGCCGTGGCCA 

GCCAGTCAGCCGAAGGCTCCATGCTGCTCCCCGCCGCCG 


1330 


GGCCCGGGGTCGGGTAG 


1331 



WO 01/73002 
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ClnicafPhenofype& 
S/f tati " 


, , - : Correcting Oligos 


SEQfO 




CTACCCGACCCCGGGCC 


1332 


Melanoma 

Arg24Pro 

CGG-CCG 


CGGCGGGGAGCAGCATGGAGCCTTCGGCTGACTGGCTGGCC 
ACGGCCGCGGCCCGGGGTCGGGTAGAGGAGGTGCGGGCGC 
TGCTGGAGGCGGGGGCGCTGCCCAACGCACCGAATAGTTA 


1333 




TAACTATTCGGTGCGTTGGGCAGCGCCCCCGCCTCCAGCAGC 
GCCCGCACCTCCTCTACCCGACCCCGGGCCGCGGCCGTGGC 
CAGCCAGTCAGCCGAAGGCTCCATGCTGCTCCCCGCCG 


1334 




CCGGGGTCGGGTAGAGG 


1335 




CCTCTACCCGACCCCGG 


1336 


Melanoma 

Leu32Pro 

CTG-CCG 


CGGCTGACTGGCTGGCCACGGCCGCGGCCCGGGGTCGGGT 
AGAGGAGGTGCGGGCGCTGCTGGAGGCGGGGGCGCTGCCC 
AACGCACCGAATAGTTACGGTCGGAGGCCGATCCAGGTGGG 


1337 




CCCACCTGGATCGGCCTCCGACCGTAACTATTCGGTGCGTTG 
GGCAGCGCCCCCGCCTCCAGCAGCGCCCGCACCTCCTCTAC 
CCGACCCCGGGCCGCGGCCGTGGCCAGCCAGTCAGCCG 


1338 




GGCGCTGCTGGAGGCGG " 


1339 




CCGCCTCCAGCAGCGCC 


1340 


Melanoma 

Gly35Ala 

GGG-GCG 


GGCTGGCCACGGCCGCGGCCCGGGGTCGGGTAGAGGAGGT 
GCGGGCGCTGCTGGAGGCGGGGGCGCTGCCCAACGCACCG 
AATAGTTACGGTCGGAGGCCGATCCAGGTGGGTAGAGGGTC 


1341 




GACCCTCTACCCACCTGGATCGGCCTCCGACCGTAACTATTC 

GGTGCGTTGGGCAGCGCCCCCGCCTCCAGCAGCGCCCGCAC 

CTCCTCTACCCGACCCCGGGCCGCGGCCGTGGCCAGCC 


1342 




GGAGGCGGGGGCGCTGC 


1343 




GCAGCGCCCCCGCCTCC 


1344 


Melanoma 
Tyr44Term 
TACg-TAA 


GGTAGAGGAGGTGCGGGCGCTGCTGGAGGCGGGGGCGCTG 

CCCAACGCACCGAATAGTTACGGTCGGAGGCCGATCCAGGTG 

GGTAGAGGGTCTGCAGCGGGAGCAGGGGATGGCGGGCGA 


1345 




TCGCCCGCCATCCCCTGCTCCCGCTGCAGACCCTCTACCCAC 
CTGGATCGGCCTCCGACCGTAACTATTCGGTGCGTTGGGCAG 
CGCCCCCGCCTCCAGCAGCGCCCGCACCTCCTCTACC 


1346 




AATAGTTACGGTCGGAG 


1347 




CTCCGACCGTAACTATT ~T 


1348 


Melanoma 

Met53lle 

ATGa-ATC 


TCTCCCATACCTGCCCCCACCCTGGCTCTGACCACTCTGCTC 
TCTCTGGCAGGTCATGATGATGGGCAGCGCCCGCGTGGCGG 
AGCTGCTGCTGCTCCACGGCGCGGAGCCCAACTGCGCA 


1349 




TGCGCAGTTGGGCTCCGCGCCGTGGAGCAGCAGCAGCTCCG 
CCACGCGGGCGCTGCCCATCATCA i GACCTGCCAGAGAGAG 
CAGAGTGGTCAGAGCCAGGGTGGGGGCAGGTATGGGAGA 


1350 




GTCATGATGATGGGCAG 


1351 
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Clinical Phenotype* 
Mutation 


. . Co^ngOligbs : - A 

' ■ ■ ■ _^ 


J SEQ ID 

! NO; 




CTGCCCATCATCATGAC 




IvieidNUiUd 

Met54lle 
ATGg-ATT 


LrUUAl ALU 1 bLLrOCCACCCTGGCTCTGACCACTCTGCTCTCT 
PTftftPAf^TP ATft atp AT/if2pp appppppppptppppp a no 

TGCTGCTGCTCCACGGCGCGGAGCCCAACTGCGCAGAC 


1353 




GTCTGCGCAGTTGGGCTCCGCGCCGTGGAGCAGCAGCAGCT 
CCGCCACGCGGGCGCTGCCCATCATCATfiAnnTfirrARARA 

GAGCAGAGTGGTCAGAGCCAGGGTGGGGGCAGGTATGGG 


1354 




ATGATGATGGGCAGCGC 


1355 




rr^r^pT/^npn ATP ATP AX 


1356 


(vjsianorna 
AGC-ATC 


bULbbwOLwwACCCTGGCTCTC 

AnfVTPATftATftAT^P/iP A flPf^PPPP A PTPPppp a pptpptp 

CTGCTCCACGGCGCGGAGCCCAACTGCGCCGACCCCGC 


1357 




GCGGGGTCGGCGCAGTTGGGCTCCGCGCCGTGGAGCAGCA 
GCAGCTCCGCCACTCGGGCGCTGCCCATCATCATGAPrTRro 

AGAGAGAACAGAATGGTCAGAGCCAGGGTGGGGGCCGGC 


1358 




GATGGGCAGCGCCCGAG 


1359 


• 


PTPPPPPPPTO/^ rt /"> ATA 

w 1 uGGGubCTGCCCATC 


1360 


Melanoma 

rMcu?/ Vdl 

GCC-GTC 


GGCCCCCACCCTGGCTCTGACCATTCTGTTCTCTCTGGCAGG 

TP atp hTd atpppp a rT^r^Hf^rr* a ptppppp a ^^T^ATnnT^ 
I OA I bA I bA 1 oobOAbobUOObAo 1 bboGGAGCTGCTGoTG 

CTCCACGGCGCGGAGCCCAACTGCGCCGACCCCGCCAC 


1361 


¥ 


GTGGCGGGGTCGGCGCAGTTGGGCTCCGCGCCGTGGAGCA 
GCAGCAGCTCCGCCACTCGGGCGCTCnrrATrATrATCAPrT 

GCCAGAGAGAACAGAATGGTCAGAGCCAGGGTGGGGGCC 


1362 




GGGCAGCGCCCGAGTGG 


1363 




UoAU I obbGoboTGooo 


1364 


ivieianoma 

Arn^ftTprm 
rv you l dill 

cCGA-TGA 


r^f^f^r^r* h ppptpppt/^t/*^ a a a a ttatattatatat a a a a 

o wOOoAOoo I GGLTCTGACCATTCTGTTCTCTCTGGCAGGTC 

AT/^ATf^ATf^f-tf^PArSPOPPPPAPTPPPPPAPPTPPTPPTP/^TT 

n / bn / w\ / bbbOAbouoOObAw? 1 bboubAbO 1 bo 1 Go T GCT 

CCACGGCGCGGAGCCCAACTGCGCCGACCCCGCCACTC 


1365 




GAGTGGCGGGGTCGGCGCAGTTGGGCTCCGCGCCGTGGAG 

CAGCAGCAGCTCCGCCACTCGGGCGCTGCCCATCATCATGAr 

CTGCCAGAGAGAACAGAATGGTCAGAGCCAGGGTGGGGG 


1366 




GCAGCGCCCGAGTGGCG 


1367 




uuOUAu 1 UoubLoC I oC 


1368 


fwlplannma 
ivicidiiui lid 

Val59Gly 
GTG-GGG 


f 4 AOPPT^r2PTr'T<^APr'ATTr'Tr , TTr N Tr'Tr>T/* > r , r , Ar > r , Tr»Axr> at 
OrtOUO I out. I L> I uAUOA 1 lOlol lUIUIol tjoL.Ab(j 1 UVTGAT 

GATGGGCAGCGCCCGAGTGGCGGAGCTGCTGCTGCTCCACG 
GCGCGGAGCCCAACTGCGCCGACCCCGCCACTCTCAC 


1369 




GTGAGAGTGGCGGGGTCGGCGCAGTTGGGCTCCGCGCCGT^ 

GAGCAGCAGCAGCTCCGCCACTCGGGCGCTGGCCATCATCA 

TGACCTGCCAGAGAGAACAGAATGGTCAGAGCCAGGGTG 


1370 




CGCCCGAGIGGCGGAGC 


1371 



WO 01/73002 



-128- 



PCT/US01/09761 



Clinical PhenotypeS 


, Correcting OStgos 


NO; 




GCTCCGCCACTCGGGCG 


1372 


Melanoma 

Leu62Pro 

CTG-CCG 


TCTGACCACTCTGCTCTCTCTGGCAGGTCATGATGATGGGCA 
GCGCCCGCGTGGCGGAGCTGCTGCTGCTCCACGGCGCGGA 
GCCCAACTGCGCAGACCCTGCCACTCTCACCCGACCGGT 


1373 


ACCGGTCGGGTGAGAGTGGCAGGGTCTGCGCAGTTGGGCTC 
CGCGCCGTGGAGCAGCAGCAGCTCCGCCACGCGGGCGCTG 
CCCATCATCATGACCTGCCAGAGAGAGCAGAGTGGTCAGA 


1374 


GGCGGAGCTGCTGCTGC 


1375 


GCAGCAGCAGCTCCGCC 


1376 


Melanoma 

Ala68Val 

GCG-GTG 


TCTGGCAGGTCATGATGATGGGCAGCGCCCGCGTGGCGGAG 
CTGCTGCTGCTCCACGGCGCGGAGCCCAACTGCGCAGACCC 
TGCCACTCTCACCCGACCGGTGCATGATGCTGCCCGGGA 


1377 


TCCCGGGCAGCATCATGCACCGGTCGGGTGAGAGTGGCAGG 
GTCTGCGCAGTTGGGCTCCGCGCCGTGGAGCAGCAGCAGCT 
CCGCCACGCGGGCGCTGCCCATCATCATGACCTGCCAGA 


1378 


CCACGGCGCGGAGCCCA 


1379 


TGGGCTCCGCGCCGTGG 


1380 


Melanoma 
Asn71Lys 
AACt-AAA 


CATGATGATGGGCAGCGCCCGAGTGGCGGAGCTGCTGCTGC 
TCCACGGCGCGGAGCCCAACTGCGCCGACCCCGCCACTCTC 
ACCCGACCCGTGCACGACGCTGCCCGGGAGGGCTTCCTG | 


1381 


CAGGAAGCCCTCCCGGGCAGCGTCGTGCACGGGTCGGGTGA 
GAGTGGCGGGGTCGGCGCAGTTGGGCTCCGCGCCGTGGAG 
CAGCAGCAGCTCCGCCACTCGGGCGCTGCCCATCATCATG | 


1382 


GAGCCCAACTGCGCCGA 


1383 


TCGGCGCAGTTGGGCTC 


1384 


Melanoma 
Asn71Ser 
AAC-AGC 


TCATGATGATGGGCAGCGCCCGAGTGGCGGAGCTGCTGCTG 
CTCCACGGCGCGGAGCCCAACTGCGCCGACCCCGCCACTCT 
CACCCGACCCGTGCACGACGCTGCCCGGGAGGGCTTCCT 


1385 


AGGAAGCCCTCCCGGGCAGCGTCGTGCACGGGTCGGGTGAG 
AGTGGCGGGGTCGGCGCAGTTGGGCTCCGCGCCGTGGAGCA 
GCAGCAGCTCCGCCACTCGGGCGCTGCCCATCATCATGA 


1386 


GGAGCCCAACTGCGCCG 


1387 


CGGCGCAGTTGGGCTCC 


1388 


Melanoma 
Pro81Leu 
CCC-CTC 


AGCTGCTGCTGCTCCACGGCGCGGAGCCCAACTGCGCCGAC 
CCCGCCACTCTCACCCGACCCGTGCACGACGCTGCCCGGGA 
GGGCTTCCTGGACACGCTGGTGGTGCTGCACCGGGCCGG 


1389 


CCGGCCCGGTGCAGCACCACCAGCGTGTCCAGGAAGCCCTC 
CCGGGCAGCGTCGTGCACGGGTCGGGTGAGAGTGGCGGGG 
TCGGCGCAGTTGGGCTCCGCGCCGTGGAGCAGCAGCAGCT 


1390 


CACCCGACCCGTGCACG 


1391 
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ICInicaJ Phenotype^'i 
Mutation 


i . Correcting Oiigos ; 


SEQID 

NO; 




pptpp a pp p ptpp p ptp 
ub 1 b bALbub 1 Lbbb 1 b 


1392 


ivicidnumd 
AsDfi4Tvr 

cGAC-TAC 


w I wl* 1 wwAbbbbbLbbAbLbwAAb 1 bbbbOGACCCCGCCAC 

I w i wr\wwUO/AvwwO 1 1 ubuUuoOnOvuU 1 1 Ob 

TGGACACGCTGGTGGTGCTGCACCGGGCCGGGGCGCGGC 


A AAA 

1393 




GCCGCGCCCCGGCCCGGTGCAGCACCACCAGCGTGTCCAGG 
AAGCCCTCCCGGGCAGCGTCGTGCACGGGTCGGGTGAGAGT 

GGCGGGGTCGGCGCAGTTGGGCTCCGCGCCGTGGAGCAG 


1394 




CCGTGCACGACGCTGCC 


1395 




bbOAbOblCGTGCACGG 


1396 


iviuianonia 

cGCT-ACT . 


0 i OOAObbObObbAbCOCMCTGCGCCGACCCCG 

PAPPPnAPPPP.Tf^PAPr^APfiPTPPPPr^r'OAor^Of^TTpoToo 
wttUwwVjn\A/wO 1 OwAwwAUlaO 1 wOOObbbAbbbO 1 1 00 1 bb 

ACACGCTGGTGGTGCTGCACCGGGCCGGGGCGCGGCTGG 


1397 




CCAGCCGCGCCCCGGCCCGGTGCAGCACCACCAGCGTGTCC 
AGGAAGCCCTCCCGGGCAGCGTCGTGCACGGGTCGGGTGAC? 

AGTGGCGGGGTCGGCGCAGTTGGGCTCCGCGCCGTGGAG 


1398 




TGCACGACGCTGCCCGG 


1399 




OObbbOAbCbTCwTGCA 


1400 


ft Ia i o n a m n 

Melanoma 

Arnft7Prn 

AiyOf r IU 

CGG-CCG 


bLGUGGAbLLOMCTGCGCCGACCCCGCCACTCTCACCCGA 
wOOo 1 oOAOoAObO 1 bOOObbbAbbbO 1 1 00 1 bbAOACGCT 
GGTGGTGCTGCACCGGGCCGGGGCGCGGCTGGACGTGCG 


1401 




CGCACGTCCAGCCGCGCCCCGGCCCGGTGCAGCACCACCAG 
CGTGTCCAGGAAGCCCTCCCGGGCARCGTCGTfiPAPfinfiTP 

GGGTGAGAGTGGCGGGGTCGGCGCAGTTGGGCTCCGCGC 


1402 




CGCTGCCCGGGAGGGCT 


1403 




AO^PPT^rOOOf> A pop 

AGCCoTCCCGGGCAGCG 


1404 


Melanoma 

Arnfi7Tm 

rV y U flip 

cCGG-TGG 


GGCGCGGAGCCCAACTGCGCCGACCCCGCCACTCTCACCCG 

APPPP.TP.P APP. AP^PTr^PPPO/^P appppttpptpp a p a oon 
LrwO ! oOHUoAUov* I bUUUoobAboo 0 1 1 OO 1 bbAOAObO 

TGGTGGTGCTGCACCGGGCCGGGGCGCGGCTGGACGTGC 


1405 




GCACGTCCAGCCGCGCCCCGGCCCGGTGCAGCACCACCAGC 
GTGTCCAGGAAGCCCTCCCGGGCAGCGTCGTGCACGGGTCG 
GGTGAGAGTGGCGGGGTCGGCGCAGTTGGGCTCCGCGCC 


1406 




ACGCTGCCCGGGAGGGC 


1407 




bUOU 1 UOOGGGGAGCGT 


1408 


ivIUIdllUII Id 

Leu97Arg 
CTG-CGG 


u 1 u 1 OAOOOoAuOvjo 1 IjUA 1 vjA 1 vpO 1 oOOUbGGAGGGCTTC 

CTGGACACGCTGGTGGTGCTGCACCGGGCCGGGGCGCGGCT 

GGACGTGCGCGATGCCTGGGGTCGTCTGCCCGTGGACTT 


a jinn 

1409 




AAGTCCACGGGCAGACGACCCCAGGCATCGCGCACGTCCAG 

CCGCGCCCCGGCCCGGTGCAGCACCACCAGCGTGTCCAGGA 

AGCCCTCCCGGGCAGCATCATGCACCGGTCGGGTGAGAG 


1410 




GGTGGTGCJGCACCGGG 


1411 
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CBnical Phenotype & 


t / Correcting Oligos 


SEQIDJ 

I NO: 


1 CCCGGTGCAGCACCACC 


1412 


IvlcldnUiTld 

Arg99Pro 
CGG-CCG 


UOObACLbGieCATGATGCTGCCCGGGAGGGCTT 

ACGCTGGTGGTGCTGCACCGGGCCGGGGCGCGGCTGGACG 

TGCGCGATGCCTGGGGTCGTCTGCCCGTGGACTTGGCCGA 


1413 




TCGGCCAAGTCCACGGGCAGACGACCCCAGGCATCGCGCAC 
GTCCAGCCGCGCCCCGGCCCfifiTfirAfiPArrArrA^mTnT 

CCAGGAAGCCCTCCCGGGCAGCATCATGCACCGGTCGGR 


1414 




GCTGCACCGGGCCGGGG 


1415 




CCCCGGCCCGGTGCAGC 


1416 


Melanoma 
Gly101Trp 
cGGG-TGG . 


f^T ATA ATAATAAAAAAA A t /*\ ^x & ^ ■ - 

CCGGTGCATGATGCTGCCCGGGAGGGCTTCCTGGACACGCT 
GGTGGTGCTGCACCGGGCCGGGGCGCGGCTGGACGTGCGC 
GATGCCTGGGGTCGTCTGCCCGTGGACTTGGCCGAGGAGC 


1417 




GCTCCTCGGCCAAGTCCACGGGCAGACGACCCCAGGCATCG 
CGCACGTCCAGCCGCGCCCCGGCCnGttTfirAftrArrArrA^ 

CGTGTCCAGGAAGCCCTCCCGGGCAGCATCATGCACCGG 


1418 




ACCGGGCCGGGGCGCGG 


1419 




CCGCGCCCCGGCCCGGT 


1420 


Melanoma 
Arg107Cys 
gCGC-TGC 


CGGGAGGGCTTCCTGGACACGCTGGTGGTGCTGCACCGGGC 
CGGGGCGCGGCTGGACGTGCGCGATGCCTGGGGTCGTCTGC 
CCGTGGACTTGGCCGAGGAGCGGGGCCACCGCGACGTTG 


1421 




A"* A A ^OT^P/^/^/^T/^P^^AAAATAATAAAAA A <• <>-N-^» y-v <-» * ^— _ 

OAAwGTCGCGGTGGCCCCGCTCCTCGGCCAAGTCCACGGGC 
AGACGACCCCAGGCATCGCGCAOGTnrAr;rr^;r^rrrp^(^r 

CCGGTGCAGCACCACCAGCGTGTCCAGGAAGCCCTCCCG 


1422 




TGGACGTGCGCGATGCC 


1423 




GGCATCGCGCACGTCCA 


1424 . 


Melanoma 
Ma118Thr 
gGCT-ACT 


CACCGGGCCGGGGCGCGGCTGGACGTGCGCGATGCCTGGG 
GCCGTCTGCCCGTGGACCTGGCTGAGGAGCTGGGCCATCGC 
GATGTCGCACGGTACCTGCGCGCGGCTGCGGGGGGCACCA 


1425 




IGGTWXCCCCGCAGCCGCGCGCAGGTACCGTGCGACATCG 
CGATGGCCCAGCTCCTCAGCCAGGTCCACGGGCAGACGGCC 
CCAGGCATCGCGCACGTCCAGCCGCGCCCCGGCCCGGTG 


1426 




TGGACCTGGCTGAGGAG 


1427 




CTCCTCAGCCAGGTCCA 


1428 


Melanoma 
Val126Asp 
GTC-GAC 


TGCGCGATGCCTGGGGCCGTCTGCCCGTGGACCTGGCTGAG 
GAGCTGGGCCATCGCGATGTCGCACGGTACCTGCGCGCGGC 
TGCGGGGGGCACCAGAGGCAGTAACCATGCCCGCATAGA 


1429 




TCTATGCGGGCATGGTTACTGCCTCTGGTGCCCCCCGCAGCC 
GCGCGCAG^TACCGTGCGACATCGCGATGGCCCAGCTCCTC 
AGCCAGGTCCACGGGCAGACGGCCCCAGGCATCGCGCA 


1430 




TCGCGATGTCGCACGGT 


1431 
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CtsnicaJ Phenotype & 


i-VJ .'. 
• •• ; • 

■ ■'■■■:„ 






SEQID 

Mi • : 




ACCGTGCGACATCGCGA 


1432 



EXAMPLE 11 
Adenomatous polyposis of the colon - APC 

Adenomatous polyposis of the colon is characterized by adenomatous polyps of the 
colon and rectum; in extreme cases the bowel is carpeted with a myriad of polyps. This is a viciously 
premalignant disease with one or more polyps progressing through dysplasia to malignancy in untreated 
gene carriers with a median age at diagnosis of 40 years. 

Mutations in the APC gene are an initiating event for both familial and sporadic colorectal 
tumorigenesis and many alleles of the APC gene have been identified. Carcinoma may arise at any age 
from late childhood through the seventh decade with presenting features including, for example, weight 
loss and inanition, bowel obstruction, or bloody diarrhea. Cases of new mutation still present in these 
ways but in areas with well organized registers most other gene carriers are detected. The attached table 
discloses the correcting oligonucleotide base sequences for the APC oligonucleotides of the invention. 
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Table 18 

APC Mutations and Genome-Correcting Ojjgos 



CNcal Phenoty^e;4;; 
Mutation 


■ V ; t Correcting Qiigos - 


SEQID 

NO: 


Adenomatous polyposis 
coli 

Arg121Term 
AGA-TGA 


GGATCTGTATCAAGCCGTTCTGGAGAGTGCAGTCCTGTTCCT 
ATGGGTTCATTTCCAAGAAGAGGGTTTGTAAATGGAAGCAGA 
GAAAGTACT6GATATTTAGMGAACTTGAGAAAGAGA 


1433 


TCTCTTTCTCAAGTTCTTCTAAATATCCAGTACTTTCTCTGCTT 
CCATTTACAAACCCTCP"C1TGGAAATGAACCCATAGGAACAG 
oAU 1 vjUALr 1 L 1 OUAbAAUbbCTTGATACAGATCC 


1434 


TTCCAAGAAGAGGGTTT 


1435 


AAACnnTfJTrfiTTfiGAA 


1436 


Adenomatous polyposis 
coli 

Trp157Term 
TGG-TAG 


AAAAAAAAAATAGGTCATTGCTTCTTGCTGATCTTGACAAAGAA 
GAAAAGGAAAAAGACTGGTATTACGCTCAACTTCAGAATCTCA 
CTAAAAGAATAGATAGTCTTCCTTTAACTGAAAA 


1437 


TTTTCAGTTAMGGAAGACTATCTATTCTTTTAGTGAGATTCTG 
AAGTTGAGCGTAATACCAGTC 1 1 1 1 ICCI 1 1 rCTTCTTTGTCAA 
GATCAGCAAGAAGCAATGACCTAl 1 1 1 1 1 1 1 1 1 


1438 


AAAAGACTGGTATTACG 


1439 


CGIAAIACCAGICIIII 


1440 


Adenomatous polyposis 
coli 

Tyr159Term 
TAC-TAG 


AAATAGGTCATTGCTTCTTGCTGATCTTGACAAAGAAGAAAAG 
GAAAAAGACTGGTATTACGCTCAACTTCAGAATCTCACTAAAA 
GAATAGATAGTCTTCCTTTAACTGAAAATGTAAGT 


1441 


ACTTACATTnCAGTTAAAGGAAGACTATCTATTCTTTTAGTGA 
GATTCTGAAGTTGAGCGTAATACCAGTC 1 1 1 1 ICCTTTTCTTCT 
TTGTCAAGATCAGCAAGAAGCAATGACCTATTT 


1442 


TGGTATTACGCTCAACT 


1443 


AGTTGAGCGTAATACCA 


1444 


Adenomatous polyposis 
coli 

Gln163Term 
CAG-TAG 


TTGCTTCTTGCTGATCTTGACAAAGAAGAAAAGGAAAAAGACT 
GGTATTACGCTCAACTTCAGAATCTCACTAAAAGAATAGATAG 
TCTTCCTTTAACTGAAAATGTAAGTAACTGGCAGT 


1445 


ACTGCCAGTTACTTACATTTTCAG7TAAAGGAAGACTATCTATT 
CTTnAGTGAGAnCTG.AAGTTGAGCGTAATACCAGTCTTTTTC 
CTTTTCTTCTTTGTCAAGATCAGCAAGAAGCAA 


1446 


CTCAACTTCAGAATCTC 


1447 


RARATTfTTGAARTTfiAfi 


1448 


Adenomatous polyposis 
coli 

Arg168Term 
AGA-TGA 


CTTGACAAAGAAGAAAAGGAAAAAGACTGGTATTACGCTCAAC 
TTCAGMTCTCACTAAAAGAATAGATAGTCTTCCTTTAACTGAA 
AATGTAAGTAACTGGCAGTACAACTTATTTGAAA 


1449 


TTTCAAATAAGnGl ACTGCCAG 1 IACI IACAI 1 1 ICAGI IAAA 
GGAAGACTATCTATTCTnTAGTGAGATTCTGAAGTTGAGCGT 
AATACCAGTCI 1 1 1 1 CCTTTTCTTCTTTGTCAAG 


1450 
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Bllla!:Pheho^|||.:l 
:< . : . Mutation 


.. '.. - ' .. : •. . - ■ 


-•SEQIPj 

•, NO: 




TCACTAAAAGAATAGAT 


1451 




ATCTATTCITTTAGTGA 


1452 


Adpnnmatou^ nnlvno^ta 

coli 

Ser171(le 
AGT-ATT 


AAGAAAAGGAAAAAGACTGRTATTACRrTrAArTTPARAATrT 
CACTAAAAGAATAGATAGTCTTCCTTTAACTGAAAATGTAAGTA 
ACTGGCAGTACAACTTATTTGAAACTTTAATAAC 


l*KJO 


CXTT ATT A A AftTTTP A A AT A AftTTCTAPTftPP AftTT APTT AP ATT 
V3 1 l/M 1 MMMV3 J 1 1 UMMM 1 MAO } \\J\ MU 1 UUOAVJ I 1 AL> 1 1 AUA 1 1 

TTCAGnAMGGMGACTATCTAnCTTTTAGTGAGATTCTGAA 
GTTGAGCGTMTACCAGTCTTTTTCCTTTTCTT 


1*K>4 


AATAftATAftTPTTPPTT 
MM I MvjM 1 MV3 lull L»0 I 1 


IHDO 


A A PP A A P A PT ATPT ATT 

AAbbAAbAUl All/ 1 Al 1 


1456 


coli 

Gln181Term 
CAA-TAA 


GATTAACGTAAATACAAGATATTGATACI Mil IATTAlTrfiYa?r 

\ i i nnuv i nnn i Awnrvwn ini i vjm i Mw iiiiiiniiniiioi OO 

TTTTAGTTTTCCTTACAAACAGATATGACCAGAAGGCAATTGG 
AATATGAAGCAAGGCAAATCAGAGTTGCGATGG 


l*K)f 


PP ATP ftP A APTPTftATTTPpPTTftPTTP AT ATTPP A ATTPPPT 

TCTGGTCATATCTGTTTGTMGGAAMCTAAAACCACAAATAAT 
AAAAAAGTATCAATATCTTGTATTTACGTTAATC 


1/1 CO 


TTTrTTTArAAArAf2AT 


i >ico 
l4oy 


ATPTP 1 1 1 CTA 4Pr> AAA 


1460 


Adenomatous polyposis 
coli 

Glu190Term 
GAA-TAA 


CI 1 1 1 1 IAI IAI 1 IGIGGI 1 1 IAGI 1 1 ICCI I ACAAACAGATATG 

ACCAGAAGGCAATTGGAATATGAAGCAAGGCAAATCAGAGTT 

GCGATGGAAGAACAACTAGGTACCTGCCAGGATA 


1461 


TATCCTGGCAGGTACCTAGTTGTTCTTCCATCGCAACTCTGAT 
TTGCCTTGCTTCATATTCCAATTGCCTTCTGGTCATATCTGTTT 
GTAAGGAAAACTAAAACCACAAATAATAAAAAAG 


1462 


GGCAATTGGAATATGAA 


1463 


TTCATATTCCAATTGCC 


1464 


AHpnnmatniiQ nnlvnncic 

coli 

Gln208Term 
CAG-TAG 


rMTtGGAATATGAAGrAAGRrAAATrAGAfSTTRPftATRRAA 

vnf\ 1 1 V30MM 1 M 1 V3MMV3\>MMOwwMMM 1 V/MOMVj 1 1 VJOvJA 1 VJOnn 

GAACAACTAGGTACCTGCCAGGATATGGAAAAACGAGCACAG 
GTAAGTTACTTGTTTCTAAGTGATAAAACAGCGAAGA 




TPTTPPPTPTTTT ATP A PTT A P A A A P A A PT A A PTT A PPTPTPf^T 

J o 1 1 UbO 1 o 1 1 1 IAI UAu 1 1 AbAAALAAb 1 AAL 1 1 AOL 1 b 1 bl/ 1 

CGTTTTTCCATATCCTGGCAGGTACCTAGTTGTTCTTCCATCG 
CAACTCTGATTTGCCTTGCnCATATTCCAATTG 


1466 


<TTAPPTf5PPAftftATATft 
\J 1 nUU 1 OOwMOOM IMI U 




PATATPPTftftPAftftTAP 
LrM 1 M 1 1 1 Au 




Adenomatous polyposis 
coli 

Arg213Term 
CGA-TGA 


GCAAGGCAAATCAGAGTTGCGATGGAAGAACAACTAGGTACC 
TGCCAGGATATGGAAAAACGAGCACAGGTAAGTTACTTGTTTC 
TAAGTGATAAAACAGCGAAGAGCTATTAGGAATAAA 


1469 


TTTATTCCTAATAGCTCTTCGCTGTTTTATCACTTAGAAACAAG 
TAACTTACCTGTGCTCGI 1 1 1 1 CCATATCCTGGCAGGTACCTA 
GTTGTTCTTCCATCGCAACTCTGATTTGCCTTGC 


1470 


TGGAAAAACGAGCACAG 


1471 


CIGIGCICGIIIIICCA 


1472 
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6HnicalPhenotype& 
Mutation 


• • ■ . ... 
Correcting Oliqos 

• 


I SEQ ID 
J NO: 


Adenomatous polyposis 
coli 

Arg232Term 
CGA-TGA 


Gl 1 1 IAI 1 1 1 AGCGAAGAATAGCCAGAATTCAGCAAATCGAAA 

AGGACATACTTCGTATACGACAGCTTTTACAGTCCCAAGCAAC 

AGMGCAGAGGTTAGTAAATTGCCTTTCTTGTTTG 


11473 


CAAACAAGAAAGGCAATTTACTAACCTCTGCTTCTGTTGCTTG 
GGACTGTAAAAGCTGTCGTATACGAAGTATGTCCTTTTCGATT 
TGCTGAATTCTGGCTATTCTTCGCTAAAATAAAAC 


1474 


TTCGTATACGACAGCTT 


1475 


AAGCTGTCGTATACGAA 


1476 


Adenomatous polyposis 
coli 

Gln233Term 
CAG-TAG 


1 IAI 1 1 lAGUGMGMTAGCCAGMTTCAGCAAATCGAAMGG 
ACATACTTCGTATACGACAGCTTTTACAGTCCCAAGCAACAGA 
AGCAGAGGTTAGTAAATTGCCTTTCTTGTTTGTGG 


1477 


CCACAAACAAGAAAGGCAATTTACTAACCTCTGCTTCTGTTGC 
TTGGGACTGTAAAAGCTGTCGTATACGAAGTATGTCCTTTTCG 
ATTTGCTGAATTCTGGCTATTCTTCGCTAAAATAA 


1478 


GTATACGACAGCTTTTA 


1479 


TAAAAGCTGTCGTATAC 


1480 


Adenomatous polyposis 
coli 

Gln247Term 
CAG-TAG 


AGAAAGCCTAGACCA 1 1 1 1 1 GCATGTACTGATGTTAACTCCAT 
CTTAACAGAGGTCATCTCAGAACAAGCATGAAACCGGCTCAC 
ATGATGCTGAGCGGCAGAATGAAGGTCAAGGAGTGG 


1481 


CCACTCCTTGACCTTCATTCTGCCGCTCAGCATCATGTGAGC 

CGGTTTCATGCTTGTTCTGAGATGACCTCTGTTAAGATGGAGT 

TAACATCAGTACATGCAAAAATGGTGTAGGCTTTCT 


1482 


GGTCATCTCAGAACAAG J 


1483 


CTTGTTCTGAGATGACC 


1484 


Adenomatous polyposis 
coli 

Gly267Term 
GGA-TGA 


UAC3AACAAGCATGAAACCGGCTCACATGATGCTGAGCGGCAG 

AATGAAGGTCAAGGAGTGGGAGAAATCAACATGGCAACTTCT 

GGTMTGGTCAGGTAMTAMTTATTTTATCATATTT 


1485 


AAATATGATAAMTMTTTATTTACCTGACCATTACCAGAAGTT 
GCCATGTTGATTTCTCCCACTCCTTGACCTTCATTCTGCCGCT 
CAGCATCATGTGAGCCGGTTTCATGCTTGTTCTG 


1486 


AAGGAGTGGGAGAAATC 


1487 


GAI rTLTL£CACTCCTT 


1488 


Adenomatous polyposis 
coli 

Glu443Term 
GAA-TAA 


CTTCAAATAACAAAGC ATTATGG 1 1 lAlGI IGAITITAI 1 IT1CA 

GTGCCAGCTCCTGTTGAACATCAGATCTGTCCTGCTGTGTGT 

GTTCTAATGAAACTTTCATTTGATGAAGAGCATA 


1489 


TATGCTCTTCATCAAATGAAAGTTTCATTAGAACACACACAGCA 

GGACAGATCTGATGTTCAACAGGAGCTGGCACTGAAAAATAA 

AATCAACATAAACCATAATGCTTTGTTATTTGAAG 


1490 


CTCCTGTTGAACATCAG 


1491 


CTGATGTTCAACAGGAG 


1492 


Adenomatous polyposis 
coli 

SER457TER 
TCA-TAA 


CAGTGCCAGCTCCTGTTGAACATCAGATCTGTCCTGCTGtGT 
GTGTTCTMTGAMCTTTCATTTGATGAAGAGCATAGACATGC 
MTGMTGMCTAGGTMGACAAAMTGTTTTTTAA 


1493 
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: wTft^frtn l ■ ' ■■ ■ ■ - Correcting Oligos - 
mutation f - - : , 


SEQID 

NO: 




TTAAAAMCATTTTTGTCTTACCTAGTTCATTCATTGCATGTCTA 

TGCTCTTCATCAAATGAAAGTTTCATTAGAACACACACAGCAG 

GACAGATCTGATGTTCAACAGGAGCTGGCACTG 




GAAACTTTCATTTGATG 




CATCAMTGAAAGTTTC 


i4yb 


Adenomatous polyposis 
coli 

Gln473Term 
CAG-TAG 


AGI IGI 1 1 lAl 1 1 IAGAIGAI IGICI 1 1 1 ICCICI IGGCCI 1 1 1 1 
AAATTAGGGGGACTACAGGCCATTGCAGAATTATTGCAAGTG 
GACTGTGAAATGTACGGGCTTACTAATGACCACT 


1 HJ7f 


AGTGGTCATTAGTAAGCCCGTACATTTCACAGTCCACTTGCAA 
TMTTCTGCMTGGCCTGTAGTCCCCCTAATTTAAAAAGGGCA 
AGAGGAAAAAGACAATCATCTAAAATAAAACAACT 


i*tyo 


GGGGACTACAGGCCATT 


14QQ 

inyy 


AATGGCCTGTAGTCCCC 


lOUU 


Adenomatous polyposis 
coli 

Tyr486Term 
TAC-TAG 


1 1 1 IAAAI 1 AGGGGGACTACAGGCCATTGCAGAATTATTGC AA 

GTGGACTGTGAAATGTACGGGCTTACTAATGACCACTACAGTA 

TTACACTAAGACGATATGCTGGAATGGCTTTGACA 


15M 

1 OU 1 


TGTCAAAGCCATTCCAGCATATCGTCTTAGTGTAATACTGTAG 
TGGTCATTAGTAAGCCCGTACATTTCACAGTCCACTTGCAATA 
ATTCTGCAATGGCCTGTAGTCCCCCTAAnTAAAA 


1KftO 


GAAATGTAC.GGGCTTAC 


1 en** 

10UO 


GTAAGCCCGTACATTTC 




Adenomatous polyposis 
coli 

Arg499Term 
CGA-TGA 


ttgcaagtggactgtgaaatgtatgggcttaCtaatgaCcact 
acagtattacactaagacgatatgctggaatggctttgacaaa 
cttgaci 1 1 1 ggagatgtagccaacaaggtatgtt 


^ en*; 


AACATACCTTGTTGGCTACATCTCCAAAAGTCAAGTTTGTCAA 
AGCCATTCCAGCATATCGTCTTAGTGTAATACTGTAGTGGTCA 
TTAGTAAGCCCATACATTTCACAGTCCACTTGCAA 


1506 


1 AAbAUuA 1 A 1 bL. 1 


IOUf 


AGCATATCGTCTTAGTG 


louo 


Adenomatous polyposis 
coli 

Tyr500Term 
TAT-TAG 


AGTGGACTGTGAAATGTATGGGCTTACTAATGACCACTACAGT 
ATTACACTAAGACGATATGCTGGAATGGCTTTGACAAACTTGA 

cttttggagatgtagccaacaaggtatgtttttat 


1509 


ATAAAAACATACCTTGTTGGCTACATCTCCAAAAGTCAAGTTTG 
TCAAAGCCATTCCAGCATATCGTCTTAGTGTAATACTGTAGTG 

gtcattagtaagcccatacatttcacagtccact 


1510 


agacgatatgctggaat 


1511 


ATTCCAGCATATCGTCT 


1512 


Adenomatous polyposis 
coli 

Lys586Term 
AAA-TAA ' 


GACAAATTCCAACTCTAATTAGATGACCCATATTCTGTTTCTTA 
CTAGGAATCAACCCTCAAAAGCGTATTGAGTGCCTTATGGMT 
TTGTCAGCACATTGCACTGAGAATAAAGCTGATA 


1513 


TATCAGCTTTATTCTCAGTGCAATGTGCTGACAAATTCCATM 

GGCACTCAATACGCTnTGAGGGTTGATTCCTAGTAAGAAACA 

GAATATGGGTCATCTAATTAGAGTTGGAATTTGTC 


1514 


CAACCCTCAAAAGCGTA 


1515 
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Clinical Phenotype& 


| \ . / Correcting Oligos 


[SEQID 
1 NO:* 


I TACGCTTTTGAGGGTTG 1 1S1 fi 


Adenomatous polyposis 
coli 

Leu592Term 
TTA-TGA 


TAGATGACCCATATTCTGTTTCTTACTAGGAATCAACCCTCAAA 
AGCGTATTGAGTGCCTTATGGAATfTGTCAGCACATTGCACTG 
AGAATAAAGCTGATATATGTGCTGTAGATGGTGC 


1517 


GCACCATCTACAGCACATATATCAGCnTATTCTCAGTGCAAT 
GTGCTGACAAATTCCATAAGGCACTCAATACGC I 1 1 IGAGGGT 
TGATTCCTAGTAAGAAACAGAATATGGGTCATCTA 


1518 


GAGTGCCTTATGGAATT 


1519 


AATTCCATAAGGCACTC 


1520 


Adenomatous polyposis 
coli 

Trp593Term 
TGG-TAG 


atgacccatattctgtttcttactaggaatcaaccctcaaaag 

CGTATTGAGTGCCTrATGGMTTTGTCAGCACATTGCACTGAG 
AATAAAGCTGATATATGTGCTGTAGATGGTGCACT 


1521 


AGTGCACCATCTACAGCACATATATCAGCTTTATTCTCAGTGC 
AATGTGCTGACAAATTCfiATAAGGCACTCAATACGCTTTTGAG 
GGTTGATTCCTAGTAAGAAACAGAATATGGGTCAT 


1522 


TGCCTTATGGAATTTGT 


1523 


ACAAATTCCATAAGGCA 


1524 


Adenomatous polyposis 
coli 

Trp593Term 
TGG-TGA 


TGACCCATATICTGTTTCTTACTAGGAATCAACCCTCAAAAGC 

GTATTGAGTGCCTrATGGAATTTGTCAGCACATTGCACTGAGA 

ATAAAGCTGATATATGTGCTGTAGATGGTGCACTT 


1525 


AAGTGCACCATCTACAGCACATATATCAGCTTTATTCTCAGTG 
CAATGTGCTGACAAATTCCATAAGGCACTCAATACGCTTTTGA 
GGGTTGATTCCTAGTMGAAACAGAATATGGGTCA 


1526 


GCCTTATGGAATTTGTC 


1527 


GACAMTTCCATAAGGC 


1528 


Adenomatous polyposis 
coli 

Tyr622Term 
TAC-TAA 


TAAAGCTGATATATGTGCTGTAGA I GGi GCACTTGCATTTTTG 
GTTGGCACTCTTACTTACCGGAGCCAGACAAACACTTTAGCC 
ATTATTGAAAGTGGAGGTGGGATATTACGGAATGTG 


1529 


CACATTCCGTAATATCCCACCTCCACTTTCAATAATGGCTAAA 
GrGHTGTCTGGCTCCGGTAAGTAAGAGTGCCAACCAAAAAT 
GCAAGTGCACCATCTACAGCACATATATCAGCTTTA 


1530 


CTTACTTACCGGAGCCA 


1531 


TGGCTCCGGTAAGTAAG 


1532 


Adenomatous polyposis 
coli 

Gln625Term 
CAG-TAG 


GATATATGTGCTGTAGATGGTGC'AC I IGCAI 1 1 1 IGGTTGGCA 
CTCTTACTTACCGGAGCCAGACAAACACTTTAGCCATTATTGA 
AAGTGGAGGTGGGATATTACGGAATGTGTCCAGCT 


1533 


AGCTGGACACATTCCGTAATATCCCACCTCCACTTTCAATAAT 
GGCTAMGTGTTTGTCTGGCTCCGGTAAGTAAGAGTGCCAAC 
CAAAAATGCAAGTGCACCATCTACAGCACATATATC 


1534 


ACCGGAGCCAGACAAAC 


1535 


GTTTGrrTGrcrrrncGcrr 


1536 
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. Mutation I ,U; Correcting Ol.gos 


\SWik 

| J"v> 


Adenomatous polyposis 
coli 

Leu629Term 
TTA-TAA 


TAGATGGTGCAC 1 1 GCAI 1 1 1 1 GGTTGGCACTCTTACTTACCG 
GAGCCAGACAMCACTTTAGCCATTATTGAAAGTGGAGGTGG 
GATATTACGGAATGTGTCCAGCTTGATAGCTACAAA 


1537 




TTTGTAGCTATCAAGCTGGACACATTCCGTAATATCCCACCTC 
CACTTTCAATAATGGCTAAAGTGTTTGTCTGGCTCCGGTAAGT 
AAGAGTGCCAACCAAAAATGCAAGTGCACCATCTA 


4 coo 

1538 


AAACACTTTAGCCATTA 


4 COA 

1539 


TAATGGCTAAAGTGTTT 


1540 


Adenomatous polyposis 
coli 

Glu650Term 
GAG-TAG 


gccattattgaaagtggaggtgggatAttacggaatgtgtcc 
agcttgatagctacaaatgaggaccacaggtatatatagagtt 
ttatattacttttaaagtacagaattcatactctca 


1041 


TGAGAGTATGAATTCTGTACTTTAAAAGTAATATAAAACTCTAT 
ATATACCTGTGGTCCTCATTTGTAGCTATCAAGCTGGACACAT 
TCCGTAATATCCCACCTCCACTTTCAATAATGGC 


1542 


CTACAAATGAGGACCAC 


1543 


GTGGTCCTCATTTGTAG 


H C A A 

1544 


Adenomatous polyposis 
coli 

Trp699Term 
TGG-TGA 


TGCATGTGGAACI f 1 GTGGAATCTCTCAGCAAGAAAtCCtAAA 
GACCAGGAAGCATTATGGGACATGGGGGCAGTTAGCATGCTC 
AAGAACCTCATTCATTCAAAGCACAAAATGATTGCT 


A rir 

1545 


AGCAATCATTnGTGCTTTGAATGAATGAGGTTCTrGAGCATG 
CTAACTGCCCCCATGTCCCATAATGCTTCCTGGTCTTTAGGAT 
TTCTTGCTGAGAGATTCCACAAAGTTCCACATGCA 


1546 


GCATTATGGGACATGGG 


1547 


CCCATGTCCCATAATGC 


1548 


Adenomatous polyposis 
coli 

Ser713Tenm 
TCA-TGA 


AAGACCAGGAAGCATTATGGGACATGGGGGCAGtTAGCATGC 

TCAAGAACCTCATTCATTCAAAGCACAAAATGATTGCTATGGG 

AAGTGCTGCAGCTTTAAGGAATCTCATGGCAAATAG 


1549 


CTATTTGCCATGAGATTCCTTAAAGCTGCAGCACTTCCCATAG 
CMTCATTTTGTGCTTTGAATGAATGAGGTTCTTGAGCATGCT 
AACTGCCCCCATGTCCCATAATGCTTCCTGGTCTT 


4 CCA ! 

1550 


CATTCATTCAAAGCACA 


4 CC4 

1551 


TGTGCTTTGAATGAATG 


<i ceo 

1552 


Adenomatous polyposis 
coli 

Ser722Gly 
AGT-GGT 


GGGGCAGTTAGCATGCTCAAGAACCTCATTCATTCAAAGCAC 

AAAATGATTGCTATGGGAAGTGCTGCAGCTTTAAGGAATCTCA 

TGGCAAATAGGCCTGCGAAGTACAAGGATGCCAATA 


lOOO 


TATTGGCATCCTTGTACTTCGCAGGCCTATTTGCCATGAGATT 
CCTTAAAGCTGCAGCACnCCCATAGCAATCATTTTGTGCTTT 
GAATGAATGAGGTTCTTGAGCATGCTAACTGCCCC 


1554 


CTATGGGAAGTGCTGCA 


1555 


TRCARCACTTnOCATAR 


1556 
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Clinical Phenotype 8; 
Mutation 


Correctino Oliqos 

., 


SEQ1D 

mm 


Adenomatous polyposis 
coli 

Leu764Term 
TTA-TAA 


TCTCCTGGCTCAGCTTGCCATCTCTTCATGTTAGGAAACAAAA 
AGCCCTAGAAGCAGAATTAGATGCTCAGCACTTATCAGAAACT 
TTTGACAATATAGACAATTTAAGTCCCAAGGCATC 


1557 


GATGCCTTGGGACTTAAATTGTCTATATTGTCAAAAGTTTCTGA 

TMGTGCTGAGCATCTAATTCTGCTTCTAGGGCTTTTTGTTTC 

CTAACATGAAGAGATGGCAAGCTGAGCCAGGAGA 


1558 


AGCAGAATTAGATGCTC 


1559 


GAGCATCTAATTCTGCT 


1560 


Adenomatous polyposis 
coli 

Ser784Thr 
TCT-ACT 


TTAGATGCTCAGCACTTATCAGAAACI 1 1 IGACAATATAGACAA 
TTTAAGTCCCAAGGCATCTCATCGTAGTAAGCAGAGACACAG 
CAAGTCTCTATGGTGATTATG 1 1 1 1 IGACACCATC 


1561 


GATGGTGTCAAAAACATAATCACCATAGAGACTTGCTGTGTCT 
CTGCTTACTACGATGAGATGCCTTGGGACTTAAATTGTCTATA 
TTGTCAAAAGTTTCTGATAAGTGCTGAGCATCTAA 


1562 


CCAAGGCATCTCATCGT 


1563 


ACGATGAGATGCCTTGG 


1564 


Adenomatous polyposis 
coli 

Arg805Term 
CGA-TGA 


CTCATCGTAGTAAGCAGAGACACAGCAAGTCTCTATGGTGATT 

ATGTTTTTGACACCAATCGACATGATGATAATAGGTCAGACAT 

TTTAATACTGGCACATGACTGTCCTTTCACCATAT 


1565 


ATATGGTGAAAGGACAGTCATGTGCCAGTATTAAAATGTCTGA 
CCTATTATCATCATGTCGATTGGTGTCAAAAACATAATCACCAT 
AGAGACTTGCTGTGTCTCTGCTTACTACGATGAG 


1566 


ACACCAATCGACATGAT 


1567 


ATCATGTCGATTGGTGT 


1568 


Adenomatous polyposis 
coli 

Gln879Term 
CAG-TAG 


ggtctaggcaactaccatccagcaacagaaAatccaggaact 
tcttcaaagcgaggtttgcagatctccaccactgcagcccag 
attgccaaagtcatggaagaagtgtcagccattcata 


1569 


TATGAATGGCTGACACTTCTTCCATGACTTTGGCAATCTGGGC 

TGCAGTGGTGGAGATCTGCAAACCTCGCTTTGAAGAAGTTCC 

TGGATTTTCTGTTGCTGGATGGTAGTTGCCTAGACC 


1570 


GAGGTTTGCAGATCTCC 


1571 


GGAGATCTGCAAACCTC 


1572 


Adenomatous polyposis 
coli 

Ser932Term 
TCA-TAA 


TACATTGTGTGACAGATGAGAGAAATGCACTTAGAAGAAGCTC" 

TGCTGCCCATACACATTCAAACACTTACAATTTCACTAAGTCG 

GAAAA7TCAAATAGGACATGTTCTATGCCTTATGC 


1573 


GCATAAGGCATAGAACATGTCCTATTTGAATTTTCCGACTTAG 
TGAAATTGTAAGTGTTTGAATGTGTATGGGCAGCAGAGCTTCT 
TCTAAGTGCATTTCTCTCATCTGTCACACAATGTA 


1574 


TACACATTCAAACACTT 


1575 


AAGTGTTTGAATGTGTA 


1576 
1577 


Adenomatous polyposis 
coli 

SftrfttPTfirm 


TACATTGTGTGACAGATGAGAGAAATGCACTTAGAAGAAGCTC 

TGCTGCCCATACACATTCAAACACTTACAATTTCACTAAGTCG 

GAAAATTCAAATAGGACATGTTCTATGCCTTATGC 



TCA-TGA 
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111 


. ^ 

V Correcting Oligos 


SEQID 

not 




GCATAAGGCATAGAACATGTCCTATTTGAATTTTCCGACTTAG 
TGAAATTGTAAGTGTTTGAATGTGTATGGGCAGCAGAGCTTCT 
TCTMGTGCATTTCTCTCATCTGTCACACMTGTA 


1578 


TACACATTCAAACACTT 


1579 


AAGTGTTTGAATGTGTA 


1 sou 


Adenomatous polyposis 
coli 

Tyr935Term 
TAC-TAG 


GACAGATGAGAGAAATGCACTTAGAAGAAGCTCTGCTGCCCA 
TACACA7TCAAACACTTACM7TTCACTAAGTCGGAAAA7TCAA 
ATAGGACATGTTCTATGCCTTATGCCAAATTAGAA 


1581 




TTCTMTTTGGCATMGGCATAGMCATGTCCTATTTGAATTTT 
CCGACTTAGTGAMTTGTAAGTGTTTGAATGTGTATGGGCAGC 
AGAGCTTCTTCTAAGTGCATTTCTCTCATCTGTC 


1582 


AACACTTACAATTTCAC 


1583 


GTGAAATTGTAAGTGTT 


1584 

1 Jut 


Adenomatous polyposis 
coli 

Tyr935Term 
TAC-TAA 


GACAGATGAGAGAAATGCACTTAGAAGAAGCTCTGCTGCCCA 
TACACATTCAAACACTTACAATTTCACTAAGTCGGAAAATTCAA 
ATAGGACATGTTCTATGCCTTATGCCAAATTAGAA 


1585 

1 www 


TTCTAAT7TGGCATAAGGCATAGAACATGTCCTATTTGMTTTT 
CCGACTTAGTGAMTTGTAAGTGTTTGAATGTGTATGGGCAGC 
AGAGCTTCTTCTAAGTGCATTTCTCTCATCTGTC 


1 000 


AACACTTACAATTTCAC 


1 JO/ 


GTGAAATTGTAAGTGTT 


1588 


Adenomatous doIvdosis 
coli 

TyMOOOTerm 
TAC-TM 


ACCCTCGATTGAATCCTATTCTGAAGATGATGAAAGTMGI 1 1 1 
GCAGTTATGGTCAATACCCAGCCGACCTAGCCCATAAAATACA 
TAGTGCAAATCATATGGATGATMTGATGGAGAA 


1589 


TTCTCCATCATTATCATCCATATGATTTGCACTATGTATTrTAT 
GGGCTAGGTCGGCTGGGTATTGACCATAACTGCAAAACTTAC 
TTTCATCATCTTCAGAATAGGATTCAATCGAGGGT 




GGTCAATACfTAfifTGA 


1591 

1 *JU 1 


TCGGCTGGGTATTGACC 


1592 


Adenomatous polyposis 
coli 

Glu1020Term 
GAA-TAA 


TAcCcagcCgacctagcccataaaatacatagtgcaaatcata 

TCI ATfJ AT A ATP* ATfT* A f* A A CT A AT A P A PC* A A T A A ATT AT A f* 

1 ouA 1 laA 1 AA 1 u A 1 ouAu AAL 1 Ab A 1 AU ALU AA 1 AAA 1 1 A 1 Ab 

tcttaaatattcagatgagcagttgaactctggaa 


1593 


ttccagagttcaactgctcatctgaatatttaagactataattt 

ATTOfTnTTATPTAfTTTPTPP ATP ATT ATP ATPP ATA TP ATTTPP 
A 1 1 uVj 1 o 1 A 1 U 1 Ao M U 1 OOA 1 OA 1 1 A 1 OA 1 OOA 1 A 1 oA 1 1 1 bU 

ACTATGTAI 1 1 1 ATGGGCTAGGTCGGCTGGGTA 


1594 


ATGATGGAGAACTAGAT 


1595 


ATCTAGTTCJCCATCAT 


1596 


Adenomatous polyposis 
coli 

Ser1032Term 
TCA-TAA 


ATGAAACCCTCGATTGAATCCTATTCTGAAGATGATGAAAGTA 

AGTTTTGCAGTTATGGTCAATACCCAGCCGACCTAGCCCATAA 

AATACATAGTGCAAATCATATGGATGATAATGATG 


1597 


CATCATTATCATCCATATGATTTGCACTATGTATTTTATGGGCT 
AGGTCGGCTGGGTATTGACCATAACTGCAAAACTTACTTTCAT 
CATCTTCAGMTAGGATTCAATCGAGGGTrTCAT 


1598 



WO 01/73002 



-140- 



PCTAJS01/09761 



Cfinicaf Phsnotype& 
Mutation ' • 


" : " Coirectifi Qli os * v s " : ' ' 


SEQID 

NO: 




GTTATGGTCAATACCCA 


1599 


TGGGTATTGACCATAAC 


1600 


coli 

Gln1041Term 
CAA-TAA 


Tft A Aft ATft ATfi A A tiCXX A A ftTTTTft P A (TTT ATf^fiTP A AT A rPP A 

GCCGACCTAGCCCATAAAATACATAGTGCAAATCATATGGATG 
ATAATGATGGAGAACTAGATACACCAATAAATTAT 


loUl 


ATAATTTATTftftTftTATPTA^TTPTPPATPATTATOATr'OATAT 
AIAAI 1 1 Ml luolulAI UlAol lOIUuAIOAl 1 Al UAI L»OAI Al 

GATTTGCACTATGTATTTTATGGGCTAGGTCGGCTGGGTATTG 
ACCATAACTGCAAAACTTACTTTCATCATCTTCA 


1602 


ftPPP ATA A A ATAPATAr: 


1603 




CTATGTATTTTATGGGC 


1604 


Adenomatous polyposis 
coli 

Gln1045Term 
CAG-TAG 


ATAAATTATAGTCTTAAATATTCAGATGAGCAGTrGAACTCTGG 
AAGGCAAAGTCCTTCACAGAATGAAAGATGGGCAAGACCCAA 
ACACATAATAGAAGATGAAATAAAACAAAGTGAGC 


1605 


GCTCACTTTGTTTTATTTCATCTTCTATTATGTGTTTGGGTCTT 
GCCCATCTTTCATTCTGTGAAGGACTTTGCCTTCCAGAGTTCA 
ACTGCTCATCTGAATATTTAAGACTATAATTTAT 


1606 


GTCCTTCACAGAATGAA J 


1607 


TTCATTCTGTGAAGGAC 


1608 


Adenomatous polyposis 
coli 

Gln1067Term 
CAA-TAA 


GAAAGATGGGCAAGACCCAAACACATAATAGAAGATGAAATAA 
AACAAAGTGAGCAAAGAeAATCAAGGAATCAAAGTACAACTTA 
TCCTGTTTATACTGAGAGCACTGATGATAAACACC 


1609 


GGTGTTTATCATCAGTGCTCTCAGTATAAACAGGATAAGTTGT 

ACTTTGATTCCTTGATTGTCTTTGCTCACTTTGTTTTATTTCATC 

TTCTATTATGTGTTTGGGTCTTGCCCATCTTTC 


1610 


AGCAAAGACAATCAAGG 


1611 


rrTTRATTRTPTTTf?PT 

v/V*» 1 1 OA 1 1 V3 I \j I I I Ob 1 




Adenomatous polyposis 
coli 

Tyr1075Term 
TAT-TAG 


AATAGAAGATGAAATAAAACAAAGTGAGCAAAGACAATCAAGG 
AATCAAAGTACAACTTATCCTGTTTATACTGAGAGCACTGATG 
ATAAACACCTCAAGTTCCAACCACATTTTGGACAG 


1613 


CTGTCCAAAATGTGGTTGGAACTTGAGGTGTTTATCATCAGTG 
CTCTCAGTATAAACAGGATAAGTTGTACTTTGATTCCTTGATTG 
TCTTTGCTCACTTTGTTTTATTTCATCTTCTATT 


1614 


ACAACTTATCCTGTTTA 


1615 


TAAACAGGATAAGTTGT 


1616 


Adenomatous polyposis 
coli 

Tyr1102Term 
TAC-TAG 


TGATGATAAACACCTCAAGTTCCAACCACA1 1 1 IGGACAGCAG 
GAATGTGTTTCTCCATACAGGTCACGGGGAGCCAATGGTTCA 
GAAACAAATCGAGTGGGTTCTAATCATGGAATTAAT 


1617 


ATTAATTCCATGATTAGAACCCACTCGATTTGTTTCTGAACCAT 
TGGCTCCCCGTGACCTGTATGGAGAAACACATTCCTGCTGTC 
CAAAATGTGGTTGGAACTTGAGGTGTTTATCATCA 


1618 


TCTCCATACAGGTCACG 


1619 


CGTGACCTGTATGGAGA 


16?0 



WO 01/73002 



-141- 



PCT/USO 1/09761 





■ 

• - - I \ : ^ Correcting OHgos ■ 


SEO ID 


Adenomatous polyposis 
coli 

Ser1110Term 
TCA-TGA 


AACCACAI 1 1 IGGACAGCAGGMTGTGTTTCTCCATACAGGTC 
ACGGGGAGCCAATGGTTCAGAAACAAATCGAGTGGGTTCTAA 
TCATGGAATTAATCAAAATGTAAGCCAGTCTTTGTG 


1621 


CACAAAGACTGGCTTACAT7TTGATTAATTCCATGATTAGAACC 
CACTCGATTTGTTTCTGMCCATTGGCTCCCCGTGACCTGTAT 
GGAGAAACACATTCCTGCTGTCCAAAATGTGGTT 


1622 


CAATGGTTCAGAAACAA 


1623 


TTGTTTCTGAACCATTG 


1624 


Adenomatous polyposis 
coli 

Arg1114Term 
CGA-TGA 


GGACAGCAGGAATGTGTTTCTCCATACAGGTCACGGGGAGCC 

AATGGTTCAGAAACAAATCGAGTGGGTTCTAATCATGGAATTA 

ATCAAAATGTAAGCCAGTCTTTGTGTCMGAAGATG 


1625 


CATCTTCTTGACACAAAGACTGGCTTACATTTTGATTAATTCCA 
TGATTAGAACCCACTCGATTTGTrTCTGAACCATTGGCTCCCC 
GTGACCTGTATGGAGAAACACATTCCTGCTGTCC 


1626 


AAACAAATCGAGTGGGT 


1627 


ACCCACTCGATTTGTTT 


1628 


Adenomatous polyposis 
coli 

Tyr1135Term 
TAT-TAG 


GGGTTCTAATCATGGAATTAATCAAAATGTMGCCAGTCTTTG 
TGTCMGMGATGACTATGAAGATGATAAGCCTACCAATTATA 
GTGAACGTTACTCTGAAGAAGAACAGCATGAAGAA 


1629 


TTCTTCATGCTGTTCTTCTTCAGAGTAACGTTCACTATAATTGG 
TAGGCTTATCATCTTCATAGTCATCTTCTTGACACAMGACTG 
GCTTACAI 1 1 1 GATTAATTCCATGATTAGAACCC 


1630 


GATGACTATGAAGATGA 


1631 


TCATCTTCATAGTCATC 


1632 


Adenomatous polyposis 
coli 

Gln1152Term 
CAG-TAG 


GAAGATGACTATGMGATGATAAGCCTACCAATTATAGTGAAC 
GTTACTCTGMGAAGAACAGCATGAAGAAGAAGAGAGACCAA 
CAAATTATAGCATAAAATATAATGAAGAGAAACGTC 


1633 


GACGI 1 ICICI 1CAI IAIAI 1 1 IAIGCIAIAAI 1 IGI IGGICICI 
CTTCTTCTTCATGCTGTTCTTCTTCAGAGTAACGTTCACTATAA 
TTGGTAGGCTTATCATCTTCATAGTCATCTTC 


1634 


AAGAAGAACAGCATGAA 


1635 


TTCATGCTGTTCTTCTT 


1636 


Aaenomaious polyposis 
coli 

Gln1175Term 
CAG-TAG 


fSAAf^AAf^AfiAfiAPPAAPA A ATTATAPPATAA A AT AT A ATP A Af 

oAAbAAoAoAuAUOAALr AAA II A 1 AoUA 1 AAAA 1 A 1 AA 1 oAAo 

AGAAACGTCATGTGGATCAGCCTATTGATTATAGTTTAAAATAT 
GCCACAGATATTCCTTCATCACAGAAACAGTCAT 


Too/ 


ATGACTGTTTCTGTGATGAAGGMTATCTGTGGCATATTTTAAA 
CTATMTCAATAGGCTGATCCACATGACGTTTCTCTTCATTATA 
TTTTATGCTATAATTTGTTGGTCTCTCTTCTTC 


1638 


ATGTGGATCAGCCTATT 


1639 


AATAGGnTSATCCArAT 


1640 



WO 01/73002 



-142- 



PCT/US01/09761 



CBnical Phenotype & 
Mutation ^ • 


, v Correcting Oligos . 


SEQID 

NO: 


Adenomatous polyposis 
coli 

Pro1176leu 
CCT-CTT 


AAGAGAGACCAACAAATTATAGCATAAAATATAATGAAGAGAA 

ACGTCATGTGGATCAGCCTATTGATTATAGTTTAAAATATGCCA 

CAGATATTCCTTCATCACAGAMCAGTCATTTTC 


1641 


GAAAATGACTGTTTCTGTGATGAAGGAATATCTGTGGCATATT 

TTAAACTATAATCAATAGGCTGATCCACATGACGTTTCTCTTCA 

TTATATTTTATGCTATAATTTGTTGGTCTCTCTT 


1642 


GGATCAGCCTATTGATT 


1643 


AATCAATAGGCTGATCC 


1644 


Adenomatous polyposis 
coli 

Ala1184Pro 
GCC-CCC 


ATAAAATATAATGAAGAGAAACGTCATGTGGATCAGCCTATTG 
ATTATAGTTTAAAATATGCCACAGATATTCCTTCATCACAGAAA 
CAGTCATTTTCATTCTCAMGAGTTCATCTGGAC 


1645 




GTCCAGATGAACTCTTTGAGAATGAAAATGACTGTTTCTGTGA 
TGAAGGAATATCTGTGGCATATnTAAACTATAATCAATAGGCT 
GATCCACATGACGTTTCTCTTCATTATATTTTAT 


1646 


TAAAATATGCCACAGAT 


1647 


ATCI'GTGGCAIAI 1 1 IA 


1648 


Adenomatous polyposis 
coli 

Ser1194Term 
TCA-TGA 


ATCAGCCTATIGAI IAIAGI 1 1 AAAATATGCCACAGATATTCCT 

TCATCACAGAAACAGTCATTTTCATTCTCAAAGAGTTCATCTG 

GACAAAGCAGTAAAACCGAACATATGTCTTCAAG 


1649 


CTTGAAGACATATGTTCGGTTTTACTGCTTTGTCCAGATGAAC 

TCTTTGAGAATGAAAATGACTGTTTCTGTGATGAAGGAATATCT 

GTGGCATATTTTAAACTATAATCAATAGGCTGAT 


1650 


GAAACAGTCATTTTCAT ~" 


1651 


ATGAAAATGACTGTTTC 


1652 


Adenomatous polyposis 
coli 

Ser1198Term 
TCA-TGA 


ATTATAGTTTAAAATATGCCACAGATATTCCTTCATCACAGAAA 
CAGTCATTTTCATTCTCAAAGAGTTCATCTGGACAAAGCAGTA 
AAACCGAACATATGTCTTCAAGCAGTGAGAATAC 


1653. 


GTATTCTCACTGCTTGAAGACATATGTTCGGTTTTACTGCTTTG 

TCCAGATGMCTCTTTGAGAATGAAAATGACTGTTTCTGTGAT 

GAAGGAATATCTGTGGCATATTTTAAACTATAAT 


1654 


TTCATTCTCAAAGAGTT 


1655 


AACTCTTTGAGAATGAA 


1656 


A . . . 
Adenomatous polyposis 

coli 

Gln1228Term 
CAG-TAG 


ACCGAACATATGTCTTCAAGCAGTGAGAATACGTCCACACCTT 

CATCTAATGCCAAGAGGCAGAATCAGCTCCATCCAGTTCTGC 

ACAGAGTAGAAGTGGTCAGCCTCAAAGGCTGCCACT 


1657 


AGTGGCAGCCTTTGAGGCTGACCACTTCTACTCTGTGCAGAA 
CTGGATGGAGCTGATTCTGCCTCTTGGCA7TAGATGAAGGTG 
TGGACGTATTCTCACTGCTTGAAGACATATGTTCGGT 


1658 


CCAAGAGGCAGAATCAG 


1659 . 


CTGATTCTGCCTCTTGG 


1660 



WO 01/73002 PCT/US01/09761 

-143- 



Clinical Phenotype & 
Mutation i 


.. . . 1 

s 

Correcting uligos 

. - . . • .,-,'<•.- 


SEQID 

m: 


Adenomatous polyposis 
coli 

Gln1230Term 
CAG-TAG 


CATATGTCTTCAAGCAGTGAGAATACGTCCACACCTTCATCTA 
ATGCCAAGAGGCAGAATCAGCTCCATCCAGTTCTGCACAGAG 
TAGAAGTGGTCAGCCTCAAAGGCTGCCACTTGCAAG 


1661 


CTTGCAAGTGGCAGCCTTTGAGGCTGACCACTTCTACTCTGT 
GCAGAACTGGATGGAGCTGATTCTGCCTCTTGGCATTAGATG 
AAGGTGTGGACGTATTCTCACTGCTTGAAGACATATG 


1662 


GGCAGAATCAGCTCCAT 


1B63 


ATGGAGCTGATTCTGCC 


1664 


Adenomatous polyposis 
coli 

Cys1249Term 
TGC-TGA 


TCAGCTCCATCCAAGTTCTGCACAGAGTAGAAGTGGTCAGCC 
TCAAAAGGCTGCCACTTGCAAAGTTTCTTCTATTAACCAAGAA 
ACAATACAGACTTATTGTGTAGAAGATACTCCAATA 


1665 


TATTGGAGTATCTTCTACACAATAAGTCTGTATTGTTTCTTGGT 
TAATAGAAGAAACTTTGCAAGTGGCAGCCTTTTGAGGCTGACC 
ACTTCTACTCTGTGCAGAACTTGGATGGAGCTGA 


1666 


GCCACTTGCAAAGTTTC 


1667 




GAAACTTTGCAAGTGGC 


1668 


Adenomatous polyposis 
coli 

Cys1270Term 
TGT-TGA 


AGTTTCTTCTATrAACCAAGAAACAArACAGACTrATTGTGTAG 
MGATACTCCMTATGTnTTCAAGATGTAGTTCATTATCATCT 
TTGTCATCAGCTGAAGATGAAATAGGATGTAAT 


1669 


ATTACATCCTATTTCATCTTCAGCTGATGACAAAGATGATAATG 
AACTACATCTTGAAAAACATATTGGAGTATCTTCTACACAATAA 
GTCTGTATTGTTTCTTGGTTAATAGAAGAAACT 


1670 


CCAAIAIGIIIIICAAG 


1671 


CTTGAAAAACATATTGG 


1672 


Adenomatous polyposis 
coli 

Ser1276Term 
TCA-TGA 


AAGAAACAATACAGACTTATTGTGTAGAAGATACTCCAATATGT 
TTTTCAAGATGTAGTTCATTATCATCTTTGTCATCAGCTGAAGA 
TGAAATAGGATGTAATCAGACGACACAGGAAGC 


1673 


GCTTCCTGTGTCGTCTGATTACATCCTATTTCATCTTCAGCTG 

ATGACAAAGATGATAATGAACTACATCTTGAAAAACATATTGGA 

GTATCTTCTACACAATAAGTCTGTATTGTTTCTT 


1674 


ATGTAGTTCATTATCAT 


1675 


ATGATAATGAACTACAT 


1676 

Ivlw 


Adenomatous polyposis 
coli 

Glu1286Term 
GAA-TAA 


GATACTCCAATATGI 1 1 1 1 CAAGATGTAGTTCAl IAICATCTTT 
GTCATCAGCTGAAGATGAAATAGGATGTAATCAGACGACACA 
GGAAGCAGATTCTGCTAATACCCTGCAAATAGCAG 


1677 


CTGCTATTTGCAGGGTATTAGCAGAATCTGCTTCCTGTGTCGT 
CTGATTACATCCTATTTCATCTTCAGCTGATGACAAAGATGATA 
ATGAACTACATCTTGAAAAACATATTGGAGTATC 


1678 


CTGAAGATGAAATAGGA 


1679 


TCCTATTTCATCTTCAG 


1680 



WO 01/73002 



.144. 



PCT/US01/09761 





SEQID 

■ 

mi 


Adenomatous polyposis 
coli 

Gln1294Term 
CAG-TAG 


ITGTAGTTCAI IAICAICI 1 1 GTCATCAGCTGAAGATGAAATAfiiR 
ATGTAATCAGAC6ACACAGGAAGCAGATTCTGCTAATACCCTG 
CAAATAGCAGAAATAAAAGAAAAGATTGGAACTA 


1681 


TAGTTCCMTCTTTTCTTTTATTTCTGCTATTTGCAGGGTATTA 
GCAGAATCTGCTTCCTGTGTCGTCTGATTACATCCTATTTCAT 
CTTCAGCTGATGACAAAGATGATAATGAACTACA 


1682 


AGACGACACAGGAAGCA 


1683 


TGCTTCCTGTGTCGTCT 


1004 


Predisposition to, 
association with, 
colorectal cancer 
He1307Lys 
ATA-AAA 


TAGGATGTAATCAGACGACACAGGMGCAGATTCTGCTAATAC 
CCTGCAAATAGCAGAAATAAAAGAAAAGATTGGAACTAGGTCA 
GCTGAAGATCCTGTGAGCGAAGTTCCAGCAGTGTC 


1 000 


GACACTGCTGGAACTTCGCTCACAGGATCTTCAGCTGACCTA 
GTTCCMTCTTTTCTTTTATTTCTGCTATTTGCAGGGTATTAGC 
AGAATCTGCTTCCTGTGTCGTCTGATTACATCCTA 


1RRR 


AGCAGAAATAAAAGAAA 


Igor 


TTTCTTTTATTTCTGCT 


1688 


Adenomatous polyposis 
coli 

Giu1309Term 
GAA-TAA 


CCAAGAAACAATACAGACTTATTGTGTAGAAGATACTCCAATA 
TGI 1 1 1 ICAAGATGTAGJTCATTATCATCTTTGTCATCAGCTGA 
AGATGAMTAGGATGTAATCAGACGACACAGGAA 


1689 


TTCCTGTGTCGTCTGATTACATCCTATTTCATCTTCAGCTGATG 
ACAAAGATGATAATGAACTACATCTTGAAAAACATATTGGAGTA 
1 U 1 1 0 1 AOAOAATAAGTCTGTATTG 1 1 1 CTTGG 


1690 


AGATGTAGTTCATTATC 


1691 


GATAATGAACTACATCT 


1692 


Predisposition to 
Colorectal Cancer 
Glu1317Gln 
GAA-CAA 


GATTCTGCTAATACCCTGCAAATAGCAGAAATAAAAGAAAAGA 
TTGGMCTAGGTCAGCTGAAGATCCTGTGAGCGAAGTTCCAG 
CAGTGTCACAGCACCCTAGAACCAAATCCAGCAGAC 


1693 


GTCTGCTGGAl 1 1 GGTTCTAGGGTGCTGTGACACTGCTGGAA 
CTTCGCTCACAGGATCTrCAGCTGACCTAGTTCCMTCTTTTC 


1694 


GGTCAGCTGAAGATCCT 


1695 


AGGATCTTCAGCTGACC 


1696 


Adenomatous polyposis 
coli 

Gln1328Term 
CAG-TAG 


AAAGAAAAGATTGGAACTAGGTCAGCTGAAGATCCTGTGAGC 
GAAGTTCCAGCAGTGTCACAGCACCCTAGAACCAAATCCAGC 
AGACTGCAGGGTTCTAGTTTATCTTCAGAATCAGCCA 


1697 


TGGCTGATTCTGAAGATAAACTAGAACCCTGCAGTCTGCTGG I 

ATTTGGTTCTAGGGTGCTGTGACACTGCTGGAACTTCGCTCA 

CAGGATCnCAGCTGACCTAGTTCCAATCTTTTCTTT 


1698 


CAGTGTCACAGCACCCT 


1699 


AGGRTfiCTGTRACAHTfi 


1700 



WO 01/73002 



-145- 
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Clinical Phenotype & 
: Mutation ^ 


, Corrertna Gligos 


SEQID 
NO: 


Adenomatous polyposis 
coli 

Gln1338Term 
CAG-TAG 


GATCCTGTGAGCGAAGTTCCAGCAGTGTCACAGCACCCTAGA 
ACCAAATCCAGCAGACTGCAGGGTTCTAGTTTATCTTCAGAAT 
CAGCCAGGCACAAAGCTGTTGAATTTTCTTCAGGAG 


1701 


CTCCTGAAGAAAATTCAACAGCTTTGTGCCTGGCTGATTCTGA 

wvi wrv iwrvvin I I V/nnunUW III w I www I www I w#» 1 1 vl VJA 

AGATAAACTAGAACCCTGCAGTCTGCTGGATTTGGTTCTAGG 
GTGCTGTGACACTGCTGGAACTTCGCTCACAGGATC 


1709 

1 /Ut 


GCAGACTGCAGGGTTCT 


1 / uo 


AGAACCCTGCAGTCTGC 


1704 


Adenomatous polyposis 
coli 

Leu1342Term 
TTA-TAA 


AAGTTCCAGCAGTGTCACAGCACCCTAGAACCAAAtCCAGCA 
GACTGCAGGGTTCTAGTTTATCTTCAGAATCAGCCAGGCACAA 
AGCTGTTGAAI 1 1 1 CTTCAGGAGCGAAATCTCCCTC 


1705 


GAGGGAGATTTCGCTCCTGAAGAAAATTCAACAGCTTTGTGC 
CTGGCTGATTCTGAAGATAAACTAGAACCCTGCAGTCTGCTG 
GATTTGGTTCTAGGGTGCTGTGACACTGCTGGAACTT 


1706 


TTCTAGTTTATCTTCAG 


1707 




I / UO 


Adenomatous polyposis 
coli 

Arg1348Trp 
AGG-TGG 


C LCHC LOC'tyX LCiL ACPA AATPPAOPArtAf v TY2r > A/"'r , /~ , TTf v TA/"'T 

TTATCTTCAGAATCAGCCAGGCACAAAGCTGTTGAATTTTCTT 
CAGGAGCGAAATCTCCCTCCCGAAAGTGGTGCTCAG 


ifUy 




CTGAGCACCACTTTCGGGAGGGAGATTTCGCTCCTGAAGAAA 
ATTCAACAGCTTTGTGCCTGGCTGATTCTGAAGATAAACTAGA 
ACCCTGCAGTCTGCTGGATTTGGTTCTAGGGTGCTG 


1710 


AATCAGCCAGGCACAAA 


1711 


TTTGTGCCTGGCTGATT 


1712 


Adenomatous polyposis 
coli 

Gly1357Term 
GGA-TGA 


CTGCAGGGTTCTAGI 1 IAICI ICAGAATCAGCCAGGCACAAAG 
CTGTTGAAI 1 1 ICTTCAGGAGCGAAATCTCCCTCCCGAAAGTG 
GTGCTCAGACACCCCAAAGTCCACCTGAACACTAT 


1713 


ATAGTGTTCAGGTGGACTTTGGGGTGTCTGAfirArrArTTTr 
GGGAGGGAGATTTCGCTCCTGAAGAAAATTCAACAGCTTTGT 
GCCTGGCTGATTCTGAAGATAAACTAGAACCCTGCAG 


1714 


TTTCTTCAG GAGCGAAA 

i i i w i i w*»w vjnvj o urvvn 


1 1 \\j 


TTTCGCTCCTGAAGAAA 

III vvv 1 WW 1 vrwivrVVl 


171fi 


Adenomatous doIvdosis 
coli 

Gln1367Term 
CAG-TAG 


CCAGGCACAAAGCTGI IGAAI 1 1 1 CTTCAGGAGCGAAATCTCC 
CTCCCGAAAGTGGTGCTCAGACACCCCAAAGTCCACCTGAAC 
ACTATGTTCAGGAGACCCCACTCATGTTTAGCAGAT 


1717 
I'll 


ATCTGCTAAACATGAGTGGGGTCTCCTGAACATAGTGTTCAG 

GTGGACTTTGGGGTGTCTGAGCACCACTTTCGGGAGGGAGAT 

TTCGCTCCTGAAGAAAATTCAACAGCTTTGTGCCTGG 


1718 


GTGGTGCTCAGACACCC 


1719 


GGGTGTCTGAGfiAfJfiAri 


1720 



WO 01/73002 



-146- 



PCT/US01/09761 



Cfinical Phenotype & 
Stutation ; 


. ^ Correcting CHigos 


1 NO: 


Adenomatous polyposis 
coli 

Lys1370Term 
AAA-TAA 


AAAGCTGTTGAAI 1 1 1 CI I CAGGAGCGAAATCTCCCTCCAAAA 
GTGGTGCTCAGACACCCAAAAGTCCACCTGAACACTATGTTC 
AGGAGACCCCACTCATGTTTAGCAGATGTACTTCTG 


1721 


CAGAAGTACATCTGCTAMCATGAGTGGGGTCTCCTGAACATA 

GTGTTCAGGTGGACTTTTGGGTGTCTGAGCACCACTTTTGGA 

GGGAGATTTCGCTCCTGAAGAAAATTCAACAGCTTT 


1722 


AGACACCCAAAAGTCCA 


1723 


TGGACTTTTGGGTGTCT 


1724 


Adenomatous polyposis 
coli 

Ser1392Term 
TCA-TM 


CACCTGAACACTATGTTCAGGAGACCCCACTCATGTTTAGCA 
GATGTACnCTGTCAGnCACTTGATAGTTTTGAGAGTCGTTC 
GATTGCCAGCTCCGTTCAGAGTGAACCATGCAGTGG 


1725 


CCACTGCATGGTTCACTCTGAACGGAGCTGGCAATCGAACGA 
CTCTCAAAACTATCAAGTGMCTGACAGAAGTACATCTGCTAA 
ACATGAGTGGGGTCTCCTGAACATAGTGTTCAGGTG 


1726 


TGTCAGTTCACTTGATA 


1727 


TATCAAGTGAACTGACA 


1728 


Adenomatous polyposis 
coli 

Ser1392Term 
TCA-TGA 


CACCTGAACACTATGTTCAGGAGACCCCACTCATGTTTAGCA 
GATGTACTTCTGTCAGTTgACTTGATAGTTTTGAGAGTCGTTC 
GATTGCCAGCTCCGTTCAGAGTGAACCATGCAGTGG 


1729 


CCACTGCATGGTTCACTCTGAACGGAGCTGGCAATCGAACGA 
CTCTCAAAACTATCAAGTGAACTGACAGAAGTACATCTGCTAA 
ACATGAGTGGGGTCTCCTGAACATAGTGTTCAGGTG 


1730 


TGTCAGTTCACTTGATA 


1731 


TATCAAGTGAACTGACA 


1732 


Adenomatous polyposis 
coli 

Glu1397Term 
GAG-TAG 


GTTCAGGAGACCCCACTCA1 G 1 1 IAGCAGATGTACTTCTGTCA 
GTTCACTTGATAGTTTTGAGAGTCGTTCGATTGCCAGCTCCGT 
TCAGAGTGAACCATGCAGTGGAATGGTAGGTGGCA 


1733 


TGCCACCTACCATTCCACTGCATGGTTCACTCTGAACGGAGC 

TGGCAATCGAACGACTCTCAAAACTATCAAGTGAACTGACAGA 

AGTACATCTGCTAAACATGAGTGGGGTCTCCTGAAC 


1734 


ATAGTTTTGAGAGTCGT 


1735 I 


ACGACTCTCAAAACTAT "~~> 


1736 


Aaenomaious polyposis 
coli 

Lys1449Term 


bAAAbbA 1 bbbAbbMbCAGAAGTAAAACACCTCCACCACCT 

CCTCAAACAGCTCAAACCAAGCGAGAAGTACCTAAAAATAAAG 

CACCTACTGCTGAAAAGAGAGAGAGTGGACCTAAGC 


1737 


bb 1 1 Abb 1 bbAb 1 01 bTUu 1 1 1 1 CAGCAGTAGGTGC 1 1 1 ATT 

TTTAGGTACTTCTCGCTTGGTTTGAGCTGTTTGAGGAGGTGGT 

GGAGGTGTTTTACTTCTGCTTGGTGGCATGGTTTG 


1738 


CTCAAACCAAGCGAGAA 


1739 


TTCTCGCTTGGTTTGAG 


1740 


Adenomatous polyposis 
coli 

Ara1450Tprm 


ACCATGCCACCAAGCAGAAGTAAAACACCTCCACCACCTCCT 

CAAACAGCTCAAACCAAGCGAGAAGTACCTAAAAATAAAGCAC 

CTACTGCTGAAAAGAGAGAGAGTGGACCTAAGCAAG 


1741 



CGA-TGA 



WO 01/73002 



-147- 



PCT/US01/09761 



- • . • . • ..... 

Cffnica?Phenotype& 
Mutation 


- . | Coveting Qligos ' , \- 


SEQiD 

NO: 




CriGCI lAGGTCCACrCTCTCICI 1 1 ICAOCAGIAGGIGCI 1 1 
A 1 1 1 1 IAGGTACTTCTCGCTTGGTTTGAGCTGTTTGAGGAGGT 
GGTGGAGGTGTTTTACTTCTGCTTGGTGGCATGGT 


1742 


AAACCAAGCGAGAAGTA 


1743 


TACTTCTCGCTTGGTTT 


1744 


Adenomatous polyposis 
coii 

Ser1503Term 
TCA-TM 


CAGATGCTGA1 AC 1 1 IAI lACAl 1 1 I GCCACGGAAAGTACTCC 

AGATGGATTTTCTTGTrCATCCAGCCTGAGTGCTCTGAGCCTC 

GATGAGCCATTTATACAGAAAGATGTGGAATTAAG 


1745 


CTTAATTCCACATCTTTCTGTATAAATGGCTCATCGAGGCTCA 
GAGCACTCAGGCTGGATGAACAAGAAAATCCATCTGGAGTAC 
TTTCCGTGGCAAAATGTAATAAAGTATCAGCATCTG 


1746 


TTCTTGTTCATCCAGCC 


1747 


GGCTGGATGAACAAGAA 


1748 


Adenomatous polyposis 
coli 

Gln1529Term 
CAG-TAG 


CTfl A ^rTTf*^ ATY2 A PPP A TTT AT A C A f2 A A A CIKTCITCICI A ATT A A 
^ I oAoUO 1 1 oAvaUwA 1 1 I A 1 ALrAoAAAVjA 1 o 1 ooAA 1 1 AA 

GAATAATGCCTCCAGTTCAGGAAAATGACAATGGGAATGAAAC 
AGAATCAGAGCAGCCTAAAGAATCAAATGAAAACC 




GGTTnCATTTGATTCTTTAGGCTGCTCTGATTCTGTTTCATTC 
CCATTGTCAI 1 1 1 CCTGMCTGGAGGCAnATTCTTAATTCCAC 
ATCTTTCTGTATAAATGGCTCATCGAGGCTCAG 


1750 


CTCCAGTTCAGGAAAAT 


1751 


Al 1 1 ICCTGAACTGGAG 


1752 


Adenomatous polyposis 
coli 

Ser1539Term 
TCA-TAA 


ATGTGGAATTAAGAATAATGCCTCCAGTTCAGGAAAATGACAA 

TGGGAATGAAACAGAATCAGAGCAGCCTAAAGAATCAAATGAA 

AACCAAGAGAAAGAGGCAGAAAAAACTATTGATTC 


1753 




GAATCAATAGt 11 1 1 1 CTGCCTCTTTCTCTTGGTTTTCATTTGA 
nCTnAGGCTGCTCTGATTCTGTTTCATTCCCATTGTCATTTT 
CCTGAACTGGAGGCATTATTCTTAATTCCACAT 


1754 


AACAGAATCAGAGCAGC 


1755 


GCT GCTCTGATTCTGTT 


1756 


Adenomatous polyposis 
coli 

Ser1567Term 
TCA-TGA 


AAMCCMGAGAMGAGGCAGAAAAAACTATTGATTCTGAAAA 
GGACCTATTAGATGATTCAGATGATGATGATATTGAAATACTA 
GAAGAATGTATTATTTCTGCCATGCCAACAAAGTC 


1757 


GACTTTGTTGGCATGGCAGAAATAATACATTCTTCTAGTATTTC 
AATATCATCATCATCTGAATCATCTAATAGGTCCTTTTCAGAAT 
CMTAGTTTTTTCTGCCTCTTTCTCTTGGTTTT 


1758 


AGATGATTCAGATGATG 


1759 


CATCATCTGAATCATCT 


1760 


Adenomatous polyposis 
coli 


AG AG AG 1 1 1 1 CTCAGACAAC AAAG ATTCAAAGAAACAGAA 1 1 1 
GAAAAATAATrCCAAGGACTTCAATGATAAGCTCCCAAATAAT 
GAAGATAGAGTCAGAGGAAGTTTTGCTTTTGATTC 


1761 



GAC-GTC 



WO 01/73002 
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-148- 





^^^^^^^^^^^^^^^^^^^^^^ 






GAATCAAAAGCAAAACTTCCTCTG ACTCT ATCTTCATTATTTGG 
GAGCTTATCATTGAAGICCTTGGAATTAI 1 1 1 1'CAAATTCTGTT 
TCTTTGAATCTTTGTTGTCTGAGAAAACTCTCT 


1762 


TTCCMGGACTTCAATG 


I / Do 


CATTGAAGTCCTTGGAA 


1764 


Adenomatous polyposis 
coli 

Leu2839Phe 
CTT-TTT 


aaaactgacagcacagaatccagiggAacccaaagtcctaag 
cgccattctgggtcttaccttgtgacatctgtttaaaagagag 

GAAGMTGAAACTAAGAAAATTCTATGTTAATTACA 


1765 


TGTMTTMCATAGMTTTTCTTAGTTTCATTCTTCCTCTCTTTT 
AAACAGATGTCACMGGTAAGACCCAGAATGGCGCTTAGGAC 
TTTGGGTTCCACTGGATTCTGTGCTGTCAGTTTT 


1766 


GGTCTTACfiTTGTGACA 


1767 


TGTCACAAGGTAAGACC 


.1766 



EXAMPLE 12 
Parahemophilia - Factor V Deficiency 

Deficiency in clotting Factor Vis associated with a lifelong predisposition to thrombosis. 
The disease typically manifests itself with usually mild bleeding, although bleeding times and clotting 
times are consistently prolonged. Individuals that are heterozygous for a mutation in Factor V have 
lowered levels of factor V but probably never have abnormal bleeding, A large number of alleles with a 
range of presenting symptoms have been identified. The attached table discloses the correcting 
oligonucleotide base sequences for the Factor V oligonucleotides of the invention. 



Table 19 

Factor V Mutations and Genome-Correctino Olioos 







SEQ ID 


Factor V deficiency 

Ala221Val 

GCC-GTC 


TTGACTGMTGCTTATTTTGGCCTGTGTCTCTCCCTCTTTCTCA 
GATATAACAGTTTGTGCCCATGACCACATCAGCTGGCATCTGC 
TGGGAATGAGCTCGGGGCCAGAATTATTCTCCAT j 


4340 


ATGGAGAATAATTCTGGCCCCGAGCTCATTCCCAGCAGATGC 

CAGCTGATGTGGTCATGGgCACAAACTGTTATATCTGAGAAAG 

AGGGAGAGACACAGGCCAAAATAAGCATTCAGTCAA 


1769 


AGTTTGTGCCCATGACC 


1770 


GGTCATGGGCACAAACT 


1771 


Thrombosis 
Arg306Gly 


I G I CC I AAC I CAGC I GGGATGCAGGCTTACATTGACATTAAAA 
ACTGCCCAAAGAAAACCAGGAATCTTAAGAAAATAACTCGTGA 


1772 



WO 01/73002 



-149. 



PCT7US01/09761 



felr Mutation 


, Correcting Oligos '„ 

, i- 


SEQID 

NO: 




TGAAGTATTCCCACCTCTTCATGTGCCGCCTCTGCTCACGAGT 
TAI 1 1 ICI IAAGAI ICOIGGI MICH IGGGCAGI 1 1 1 IAATGT 
CAATGTAAGCCTGCATCCCAGCTGAGTTAGGACA 


1773 


AGAAAACCAGGAATCTT 


1774 


AAGATTCCIGGTTTTCT 


1775 


Thrombosis 

Arg306Thr 

AGG-ACG 


gtcctaactcagctgggatgcaggCttacattGaCattaaaaa 
ctgcccaaagaaaaccaggaatcttaagaaaataactcgtgag 
cagaggcggcacatgaagaggtgggaatacttcat 


1776 


ATGAAGTATTCCCACCTCTTCATGTGCCGCCTCTGCTCACGA 
GTT ATTTTCTTMGATTCCTGGTTrTCTTTGGGCAGTTTTTAAT 
GTCAATGTAAGCCTGCATCCCAGCTGAGTTAGGAC 


1777 


GAAAACCAGGAATCTTA 


1778 


IAAGAI ICCIGGI MIC 


1779 


Increased Risk 
Thrombosis 
Arg485Lys 
AGA-AAA 


CCACAGAAAATGATGCCCAGTGCTTAACAAGACCATACTACAG 
TGACGTGGACATCATGAGAGACATCGCCTCTGGGCTAATAGG 
ACTACTTCTAATCTGTAAGAGCAGATCCCTGGACAG 


1780 


CTGTCCAGGGATCTGCTrTTACAGATTARAARTAfiTrrTATTA 
GCCCAGAGGCGATGTCTCTCATGATGTCCACGTCACTGTAGT 
ATGGTCTTGTTAAGCACTGGGCATCATTTTCTGTGG 


17R1 

1 f 0 1 


CATCATGAGAGACATCG 


17R9 


rnATRTOTCTPATfiATR 


17R^ 


increaseo rcisK 
Thrombosis 
Arg506Gln 
CGA-CAA 


ap ATPfiPPTPTf^r^PT a at a a pt a pttpt a atptpt a a p a p " 
MOA 1 OoOO 1 u 1 1 AA 1 AooAO 1 AO 1101 AM 1 0 1 o 1 AAuAo 

CAGATCCCTGGACAGGCGAGG AATACAGGTA 1 1 1 IGTCCTTG 
AAGTAACCTTTCAGAAATTCTGAGAATTTCTTCTGG 


1 /o4 


rnAGAARAAATTrTrARAATTTrTRAAARRTTAPTTrAAftRAr' 
AAAATACCTGTATTCCTCGCCTGTCCAGGGATCTGCTCTTACA 
GATTAGAAGTAGTCCTATTAGCCCAGAGGCGATGT 


I7ft«; 

1 100 


GGACAGGCGAGGAATAC 


17RR 


GTATTCCTCGCCTGTCC 


1787 


Factor V Deficiency 

Arg506Term 

CGA-TGA 


GACATCGCCTCTGGGCTAATAGGACTACTTCTAATCTGTAAGA 

GCAGATCCCTGGACAGGCGAGGAATACAGGTATTTTGTCCTT 

GAAGTAACCTTTCAGAAATTCTGAGAATTTCTTCTG 


1788 


CAGAAGAAATTCTCAGAATTTCTGAAAGGTTACTTCAAGGACA 
AAATACCTGTATTCCTCGCCTGTCCAGGGATCTGCTCTTACAG 
ATTAGAAGTAGTCCTATTAGCCCAGAGGCGATGTC 


17RQ 


TGGACAGGCGAGGAATA 


i7Qn 


TATTCCTCGCCTGTCCA 


17Q1 


Thrombosis 

Arg712Term 

CGA-TGA 


AGTGATGCTGACTATGATTACCAGAACAGACTGGCTGCAGCA 
TTAGGAATCAGGTCATTCCGAAACTCATCATTGAATCAGGAAG 
AAGAAGAGTTCAATCTTACTGCCCTAGCTCTGGAGA 


1792 


TCTCCAGAGCTAGGGCAGTAAGATTGAACTCTTCTTCTTCCTG 
ATTCAATGATGAGTTTCGGAATGACCTGATTCCTAATGCTGCA 
GCCAGTCTGTTCTGGTAATCATAGTCAGCATCACT 


1793 


GGTCATTCCGAAACTCA 


1794 
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Clinical Phenotype & 
Mutation 


- - Correcti QOI'aos : 


SEQia 
NO: 




TGAGTTTCCSGAATGACC 


1795 


Thrombosis 
His1299Arg 
CAT-CGT 


TCAGTCAGACAAACC 1 1 1 CCCCAGCCCTCGGTCAGATGCCCA 
TTTCTCCAGACCTCAGCCATACAACCCTTTCTCTAGACTTCAG 
CCAGACAAACCTCTCTCCAGAACTCAGTCAAACAAA 


1796 


TTTGTTTGACTGAGTTCTGGAGAGAGGTTTGTCTGGCTGAAGT 
CTAGAGAAAGGGTTGTATGGCTGAGGTCTGGAGAAATGGGCA 
TCTGACCGAGGGCTGGGGAAAGGTTTGTCTGACTGA 


1797 


CCTCAGCCATACAACCC 


1798 


GGGTTGTATGGCTGAGG 


1799 



EXAMPLE 13 
Hemophilia ■ Factor VIII Deficiency 

The attached table discloses the correcting oligonucleotide base sequences for the 
Factor VIII oligonucleotides of the invention. 



Table 20 

Factor VIII Mutations and Genome-Correcting Oliaos 



^finical Phenotype $ | 
Mutation 


Correcting OHgos 


SEOID 

NG:_j 


Haemophilia A 

Tyr5Cys 

TAC-TGC 


AGCTCTCCACCTGCnCTTTCTGTGCCTTTTGCGATTCTGCTT 
TAGTGCCACCAGAAGATACTACCTGGGTGCAGTGGAACTGTC 
ATGGGACTATATGCAAAGTGATCTCGGTGAGCTGCC 


1800 


GGCAGCTCACCGAGATCACTTTGCATATAGTCCCATGACAGT 
TCCACTGCACCCAGGTAGIATCTTCTGGTGGCACTAAAGCAG 
AATCGCAAAAGGCACAGAAAGAAGCAGGTGGAGAGCT 


1801 


CAGAAGATACTACCTGG 


1802 


CCAGGTAGTATCTTCTG 


1803 


Haemophilia A 

Leu7Arg 

CTG-CGG 


CCACCTGCTICI 1 ICIGIGCCI 1 1 IGCGAI ICIGCI 1 IAGIGC 
CACCAGAAGATACTACCTGGGTGCAGTGGAACTGTCATGGGA 
CTATATGCAAAGTGATCTCGGTGAGCTGCCTGTGGA 


1804 


TCCACAGGCAGCTCACCGAGATCACTTTGCATATAGTCCCAT 
GACAGTTCCACTGCACCCAGGTAGTATCTTCTGGTGGCACTA 
AAGCAGAATCGCAAAAGGCACAGAAAGAAGCAGGTGG 


1805 


ATACTACCTGGGTGCAG 


1806 


CTGCACCCAGGTAGTAT 


1807 


Haemophilia A 

Ser(-1)Arg 

AGTg-AGG 


AGTCATGCAAATAGAGCTCTCCACCTGCTTCTTTCTGTGCCTT 

TTGCGATTCTGCTTTAGTGCCACCAGAAGATACTACCTGGGT 

GCAGTGGAACTGTCATGGGACTATATGCAAAGTGAT 


1808 



WO 01/73002 
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Mutation _ 


. , . Correcting Oiigos ^ : 


ofcUlU 

■-my. 




ATCACTTTGCATATAGTCCCATGACAGTTCCACTGCACCCAG 

GTAGTATCTTCTGGTGGCACTAAAGCAGAATCGCAAAAGGCA 

CAGAAAGAAGCAGGTGGAGAGCTCTATTTGCATGACT 


1809 


TGCTTTAGTGCCACCAG 


1810 


CTGGTGGCACTAAAGCA 


1811 


Haemophilia A 

Arg(-5)Term 

gCGA-TGA 


CATTTGTAGCAATAAGTCATGCAAATAGAGCTCTCCACCTGCT 
TCTnCTGTGCCTTTTGCGATTCTGCTTTAGTGCCACCAGAAG 
ATACTACCTGGGTGCAGTGGAACTGTCATGGGACT 


1812 


AGTCCCATGACAGTTCCACTGCACCCAGGTAGTATCTTCTGG 

TGGCACTAAAGCAGAATCGCAAAAGGCACAGAAAGAAGCAGG 

TGGAGAGCTCTATTTGCATGACTTATTGCTACAAATG 


1813 


GCCIIIIGCGAIICIGC 


1814 


GCAGAATCGCAAAAGGC 


1815 


Haemophilia A 

Glu11Val 

GAA-GTA 


nCTGTGCCTTTTGCGATTCTGCTTTAGTGCCACCAGAAGATA 
CTACCTGGGTGCAGTGGAACTGTCATGGGACTATATGCAAAG 
TGATCTCGGTGAGCTGCCTGTGGACGCAAGGTAAAG 


1816 


CTTTACCTTGCGTCCACAGGCAGCTCACCGAGATCACTTTGC 

ATATAGTCCCATGACAGTTCCACTGCACCCAGGTAGTATCTTC 

TGGTGGCACTAAAGCAGAATCGCAAAAGGCACAGAA 


1817 


TGCAGTGGAACTGTCAT 


1818 


ATGACAGTTCCACTGCA 


1819 


Haemophilia A 

Trp14Gly 

aTGG-GGG 


CTTTTGCGATTCTGCTTTAGTGCCACCAGAAGATACTACCTGG 

GTGCAGTGGAACTGTCATGGGACTATATGCAAAGTGATCTCG 

GTGAGCTGCCTGTGGACGCAAGGTAAAGGCATGTCC 


1820 




GGACATGCCTTTACCTTGCGTCCACAGGCAGCTCACCGAGAT 

CACTTTGCATATAGTCCCATGACAGTTCCACTGCACCCAGGT 

AGTATCTTCTGGTGGCACTAAAGCAGAATCGCAAAAG 


1821 


AACTGTCATGGGACTAT 


1822 


ATAGTCCCATGACAGTT 


1823 


Haemophilia A 

Tyr46Term 

TACa-TM 


nCACGCAGATTTCCTCCTAGAGTGCCAAAATCTTTTCCATTC 
AACACCTCAGTCGTGTACAAAMGACTCTGTTTGTAGMTTCA 
CGGATCACCTTTTCAACATCGCTMGCCAAGGCCA 


1824 


TGGCCTTGGCTTAGCGATGTTGAAAAGGTGATCCGTGAATTC 
TACAAACAGAGTCi 1 1 1 1 GTACACGACTGAGGTGTTGAATGGA 
AAAGATTTTGGCACTCTAGGAGGAAATCTGCGTGAA 


1825 


GTCGTGTACAAAAAGAC 


1826 


GICIIIIIGIACACGAC 


1827 


Haemophilia A 

Asp56Glu 

GATc-GAA 


ATCTTTTCCATTCAACACCTCAGTCGTGTACAAAAAGACTCTG 
TTTGTAGAATTCACGGATCACCTTTTCAACATCGCTAAGCCAA 
GGCCACCCTGGATGGGTAATGAAAACAATGTTGAA 


1828 
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TTCAACATTGTTTTCATTACCCATCCAGGGTGGCCTTGGCTTA 

GCGATGTTGAAAAGGTGATCCGTGAATTCTACAAACAGAGTC 
TTTTTGTACAnPiAPTP^P.PTPTTP,AATPPAAAAP.AT 

i i I i i \j I fy\jn\j\jnx/ 1 VjnVJO lull \Jr\r\ 1 uunnnnUn 1 


1829 


1 1 UMUbbATuACC 1 1 1 1 


1830 


AAAAGGTGATCCGTGAA 


1831 


Haemophilia A 

i igiwi i it/pi in id i\ 

Gly73Val 
GGT-GTT 


TTCTGGAGTACTATCCCCAAGTAACCTTTGGCGGACATCTCAT 

TCTTACAGGTCTGCTAGGTCCTACCATCCAGGCTGAGGTTTA 

TGATACAGTGGTCATTACACTTAAGAACATGGCTTC 


1832 


GMGCCATGTTCTTAAGTGTAATGACCACTGTATCATAAACCT 
CAGCCTGGATGGTAGGACCTAGCAGACCTGTAAGAATGAGAT 

GTnnPinPAAAPiPiTTAPTTPP,P.P.ATAP.TAPTPPAPAA 


1833 


TAT/^ OT A /"*ATP Artfl * 

1 OTwt/TAGgTCCTACCA 


1834 


TGGTAGGACCTAGCAGA 


1835 


Haernnnhiiia A 

Glu79Lys 

tGAG-AAG 


CAAGTAACCTTTGGCGGACATCTCATTCTTACAGGTCTGCTAG 
GTCCTACCATCCAGGCTGAGGTTTATGATACAGTGGTCATTAC 
ACTTAAGAACATGGCTTCCCATCCTGTCAGTCTTC 


1836 


GAAGACTGACAGGATGGGAAGCCATGTTCTTAAGTGTAATGA 
CCACTGTATCATAAACCTCAGCCTGGATGGTAGGACCTAGCA 

^APfT^TAA^AAT^AOAT^nT'PPPPA A A rrTTA nrrn 


1837 


TCCAGGCTGAGGTTTAT 


1838 


ATAAACCTCAGCCTGGA 


1839 


Haprnnnhilia A 

i icivi i iujji unci n\ 

Val80Asp 
GTT-GAT 


TAACCTTTGGCGGACATCTCATTCTTACAGGTCTGCTAGGTCC 
TACCATCCAGGCTGAGGTTTATGATACAGTGGTCATTACACTT 
AAGAACATGGCTTCCCATCCTGTCAGTCTTCATGC 


1840 


GCATGAAGACTGACAGGATGGGAAGCCATGTTCTTAAGTGTA 

ATGACCACTGTATCATAAACCTCAGCCTGGATGGTAGGACCT 
AGCAP1AP.P.TP1T A AP. A ATP. AP ATP.TPPP.PP AAA PPTT A 


1841 


rPPTP A r*OTl — T ATP ATA 

bbO 1 bAbbT 1 1 A TbATA 


1842 


TATCATAAACCTCAGCC 


1843 


Haemoohilia A 

Asp82Val 

GAT-GTT 

4 


TTGGCGGACATCTCATTCTTACAGGTCTGCTAGGTCCTACCAT 
oOAbbCTbAGGTTTATGBTACAGTGGTCATTACACTTAAGAAC 
ATGGCTTCCCATCCTGTCAGTCTTCATGCTGTTGG 


1844 


CCAACAGCATGAAGACTGACAGGATGGGAAGCCATGTTCTTA 

AGTGTAATGACCACTGTAICATAAACCTCAGCCTGGATGGTA 

GGACCTAGCAGACCTGTAAGAATGAGATGTCCGCCAA 


1845 


GGTTTATGATACAGTGG 


1846 


CCACTGTAICATAAACC 


1847 


Haemophilia A 

Asp82Gly 

GAT-GGT 


TTGGCGGACATCTCATTCTTACAGGTCTGCTAGGTCCTACCAT 
CCAGGCTGAGGTTTATGATACAGTGGTCATTACACTTAAGAAC 
ATGGCTTCCCATCCTGTCAGTCTTCATGCTGTTGG 


1848 



WO 01/73002 
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Chnicai ...Pbenotype & 
Mutation. 


Sls^-It: Correcting Oitgos ■ 


SEQ ID 

HQi 




CCAACAGCATGAAGACTGACAGGATGGGAAGCCATGTTCTTA 

A /"*T^^ '1 A A T A A AAA AT AT A TA A T" A A A A ATA A A A ATA A A T A A*^ A 

AGTGTAATGACCACTGTATCATAAACCTCAGCCTGGATGGTA 
GGACCTAGCAGACCTGTAAGAATGAGATGTCCGCCAA 


1849 


GGTTTATGATACAGTGG 


1850 


CCACTGTATCATAAACC 


1851 


Haemophilia A 

Val85Asp 

GTC-GAC 


ATCTCATTCTTACAGGTCTGCTAGGTCCTACCATCCAGGCTGA 
GGTTTATGATACAGTGGTCATTACACTTAAGAACATGGCTTCC 
CATCCTGTCAGTCTTCATGCTGTTGGTGTATCCTA 


1852 


TAGGATACACCAACAGCATGAAGACTGACAGGATGGGAAGCC 

ATGTTCTTAAGTGTAATGACCACTGTATCATAAACCTCAGCCT 

GGATGGTAGGACCTAGCAGACCTGTAAGAATGAGAT 


1853 


TACAGTGGTCATTACAC 


1854 


GTGTAATGACCACTGTA 


1855 


Haemophilia A 

Lys89Thr 

AAG-ACG 


CAGGTCTGCTAGGTCCTACCATCCAGGCTGAGGTTTATGATA 
CAGTGGTCATTACACTTAAGAACATGGCTTCCCATCCTGTCA 
GTCTTCATGCTGTTGGTGTATCCTACTGGAAAGCTTC 


1856 


GAAGCTTTCCAGTAGGATACACCAACAGCATGAAGACTGACA 

GGATGGGAAGCCATGTTCTTAAGTGTAATGACCACTGTATCAT 

AAACCTCAGCCTGGATGGTAGGACCTAGCAGACCTG 


1857 


TACACTTAAGAACATGG 


1858 


CCATGTTCTTAAGTGTA 


1859 


Haemophilia A 

Met91Val 

cATG-GTG 


CTGCTAGGTCCTACCATCCAGGCTGAGGTTTATGATACAGTG 
GTCATTACACTTAAGAACATGGCTTCCCATCCTGTCAGTCTTC 
ATGCTGTTGGTGTATCCTACTGGAAAGCTTCTGAGG 


1860 


CCTCAGAAGCTTTCCAGTAGGATACACCAACAGCATGAAGAC 
TGACAGGATGGGAAGCCATGTTCTTAAGTGTAATGACCACTG 
TATCATAAACCTCAGCCTGGATGGTAGGACCTAGCAG 


1861 


TTAAGAACATGGCTTCC 


1862 


GGAAGCCATGTTCTTAA 


1863 


Haemophilia A 

His94Arg 

CAT-CGT 


CTACCATCCAGGCTGAGGTTTATGATACAGTGGTCATTACACT 
TAAGAACATGGCTTCCCATCCTGTCAGTCTTCATGCTGTTGGT 
GTATCCTACTGGAAAGCnCTGAGGGTGAGTAAAA 


1864 


TTTTACTCACCCTCAGAAGCTTTCCAGTAGGATACACCAACAG 

A AT^^ A A A AT^^ A A A /*"> AT/**A^^ A A A A A TO I *f*/*\*^T* A A ^t/>t a A 

CATGAAGACTGACAGGATGGGAAGCCATGTTCTTAAGTGTAA 
TGACCACTGTATCATAAACCTCAGCCTGGATGGTAG 


1865 


GGCTTCCCATCCTGTCA 


1866 


TGACAGGATGGGAAGCC 


1867 


Haemophilia A 

His94Tyr 

cCAT-TAT 


CCTACCATCCAGGCTGAGGTTTATGATACAGTGGTCATTACAC 
TTAAGAACATGGCTTCCCATCCTGTCAGTCTTCATGCTGTTGG 
TGTATCCTACTGGAAAGCTTCTGAGGGTGAGTAAA 


1868 



WO 01/73002 
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CBniealPheno^pefir 


Correcting Oltgos ^ 


SECM& 




TTTACTCACCCTCAGAAGCTTTCCAGTAGGATACACCAACAGC 

ATGAAGACTGACAGGATGGGAAGCCATGTTCTTAAGTGTAAT 

GACCACTGTATCATAAACCTCAGCCTGGATGGTAGG 


1869 


TGGCTTCCCATCCTGTC 


1870 


GACAGGATGGGAAGCCA 


1871 


HaemoDhilia A 

1 IUwIIIWUIIIIIU / 1 

Leu98Arg 
CTT-CGT 


CTGAGGTTTATGATArAGTGGTrATTArAPTTAAGAAPATrircr 
v • v^nvjvj Mini vjn i rv\jr\\j I \jvj 1 On i 1 t\\jt\\j 1 i nnwWUn 1 uuv 

TTCCCATCCTGTCAGTCTTCATGCTGTTGGTGTATCCTACTGG 
AAAGCTTCTGAGGGTGAGTAAAATACCCTCCTATT 


lo/Z 


AATAGGAGGGTATTTTACTCACCCTCAGAAGCTTTCCAGTAGG 
ATACACCAACAGCATGAAGACTGACAGGATGGGAAGCCATGT 
TCTTAAGTGTAATGACCACTGTATCATAAACCTCAG 


1873 


TGTCAGTCTTCATGCTG 


1874 


CAGCATGAAGACTGACA 


1875 


Haemonhilia A 

1 IQwl 1 IwUI IIIIQ f» 

Gly102Ser 
tGGT-AGT 


GATAnAGTGGTrATTAPAPTTAAGAAPATGf:PTTrrPATY*'r v rr > 

TCAGTCTTCATGCTGTTGGTGTATCCTACTGGAAAGCTTCTGA 
GGGTGAGTAAAATACCCTCCTATTGTCCTGTCATT 


10/0 


AATGACAGGACAATAGGAGGGTATTTTACTCACCCTCAGAAG 
CTTTCCAGTAGGATACACCAACAGCATGAAGACTGACAGGAT 
GGGAAGCCATGTTCTTAAGTGTAATGACCACTGTATC 


1877 

10/ f 


ATGCTGTTGGTGTATCC 


1878 

1 U i u 


GGATACACCAACAGCAT ™ 




Hapmonhilia A 

Glu113Asp 

GAAt-GAC 


OTTTGAGTGTAPAGT^f2ATATAriAAAf^Ar'AATTTTATTTPTTr^ 
vim unu l vj l nU\U 1 uort 1 r\ 1 nuftnHounO/\n 1 1 1 IAI 1 1 1> 1 IL» 

CTGCTATAGGAGCTGAATATGATGATCAGACCAGTCAAAGGG 
AGAAAGAAGATGATAAAGTCTTCCCTGGTGGAAGC 


1 QQA 
lOOU 


GCTTCCACCAGGGAAGACTTTATCATCTTCTTTCTCCCTTTGA 
CTGGTCTGATCATCATATTCAGCTCCTATAGCAGGAAGAAATA 
AAATTGTCCTTTCTATATCCACTGTACACTCAMG 


1881 


GGAGCTGAATATGATGA 


1882 


TCATCATATTCAGCTCC 


1883 


HaemoDhilia A 

Tyr114Cys 

TAT-TGT 


TTGAGTGTACAGTGGATATAGAAAGGAPAATTrrATTTrTTrrT 

GCTATAGGAGCTGAATATGATGATCAGACCAGTCAAAGGGAG 
AAAGAAGATGATAAAGTCTTCCCTGGTGGAAGCCA 


I DOT 


TGGCnCCACCAGGGMGACTTTATCATCTTCTTTCTCCCTTT 

GACTGGTCTGATCATCATATTCAGCTCCTATAGCAGGAAGAAA 

TAAAATTGTCCTTTCTATATCCACTGTACACTCAA 


1885 


AGCTGAATATGATGATC 


1886 


GATCATCATATTCAGCT 


1887 


Haemophilia A 

Asp116Gly 

GAT-GGT 


GTACAGTGGATATAGAMGGACAATTTTATTTCTTCCTGCTATA 
GGAGCTGAATATGATGATCAGACCAGTCAAAGGGAGAAAGAA 
GATGATAAAGTCTTCCCTGGTGGAAGCCATACATA 


1888 
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SEQID 

NO: 




TATGTATGGCnCCACCAGGGMGACTTTATCATCTTCTTTCT 

CCCTTTGACTGGTCTGATCATCATATTCAGCTCCTATAGCAGG 

AAGAAATAAAATrGTCCTTTCTATATCCACTGTAC 


1889 




ATATGATGATCAGACCA 


1890 




TGGTCTGATCATCATAT 


1891 


Haemophilia A 

Gln117Term 

tCAG-TAG 


ACAGTGGATATAGAAAGGACMTTTTATTTCTTCCTGCTATAG 
GAGCTGAATATGATGATCAGACCAGTCAAAGGGAGAAAGAAG 
ATGATAAAGTCTTCCCTGGTGGMGCCATACATATG 


1892 




CATATGTATGGCTTCCACCAGGGAAGACTTTATCATCTTCTTT 
CTCCCTTTGACTGGTCTGATCATCATATTCAGCTCCTATAGCA 
GGAAGAAATAAAATTGTCCTTTCTATATCCACTGT 


1893 




ATGATGATCAGACCAGT 


1894 




ACTGGTCTGATCATCAT 


1895 


Haemophilia A 

Thr118lle 

ACC-ATC 


TGGATATAGAMGGACMTTTTATTTCTTCCTGCTATAGGAGC 
TGAATATGATGATCAGACCAGTCAAAGGGAGAAAGAAGATGA 
TAAAGTCTTCCCTGGTGGAAGCCATACATATGTCTG 


1896 




CAGACATATGTATGGCTTCCACCAGGGAAGACTTTATCATCTT 

CTTTCTCCCTTTGACTGGTCTGATCATCATATTCAGCTCCTAT 

AGCAGGAAGAAATAAAATTGTCCTTTCTATATCCA 


1897 




TGATCAGACCAGTCAAA 


1898 




TTTGACTGGTCTGATCA 


1899 


Haemophilia A 

Glu122Term 

gGAG-TAG 


AGGACMTTTTATTTCTTCCTGCTATAGGAGCTGAATATGATG 
ATCAGACCAGTCAAAGGGAGAAAGAAGATGATAAAGTCTTCC 
CTGGTGGAAGCCATACATATGTCTGGCAGGTCCTGA 


1900 




TCAGGACCTGCCAGACATATGTATGGCTTCCACCAGGGAAGA 
CTTTATCATCnCTTTCTCCCTTTGACTGGTCTGATCATCATAT 
TCAGCTCCTATAGCAGGAAGAAATAAAATTGTCCT 


1901 




GTC AAAG GG AG AAAG AA 


1902 




TTCTTTCTCCCTTTGAC 


1903 


Haemophilia A 

Asp126His 

tGAT-CAT 


TTTCTTCCTGCTATAGGAGCTGAATATGATGATCAGACCAGTC 
AAAGGGAGAMGAAGATGATAAAGTCTTCCCTGGTGGAAGCC 
ATACATATGTCTGGCAGGTCCTGAAAGAGAATGGTC 


1904 




GACCATTCTCTTTCAGGACCTGCCAGACATATGTATGGCTTCC 

ACCAGGGMGACTTTATCATCTTCTTTCTCCCTTTGACTGGTC 

TGATCATCATATTCAGCTCCTATAGCAGGAAGAAA 


1905 




AAGAAGATGATAAAGTC 


1906 




GACTTTATCATCTTCTT 


1907 


Haemophilia A 

Gln139Term 

gCAG-TAG 


AGTCAAAGGGAGAAAGAAGATGATAAAGTCTTCCCTGGTGGA 
AGCCATACATATGTCTGGCAGGTCCTGAAAGAGAATGGTCCA 
ATGGCCTCTGACCCACTGTGCCTTACCTACTCATATC 


1908 
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: ' | \. ^ Correcting Oiigos-. \ 1 \ S f® 




GATATGAGTAGGTMGGCACAGTGGGTCAGAGGCCATTGGA 
CCATTCTCTTTCAGGACCTGCCAGACATATGTATGGCTTCCAC 


1909 


A i o 1 L> 1 uo£AoGTCCTG 


1910 


CAGGACCTGCCAGACAT 


1911 


Hppmnnhilia A 

Val140Ala 
GTC-GCC 


AAAGGGAGAAAGAAGATGATAAAGTCTTCCCTGGTGGAAGCC 
ATACATATGTCTGGCAGGTCCTGAAAGAGAATGGTCCAATGG 
CCTCTGACCCACTGTGCCTTACCTACTCATATCTTTC 


1912 


GAAAGATATGAGTAGGTAAGGCACAGTGGGTCAGAGGCCATT 
GGACCATTCTCTTTCAGGACCTGCCAGACATATGTATGGCTT 

CCAnriARfiRAARArTTTATrATrTTrTTTrTPrrTTT 


1913 


L 1 bbOAbGTCCTGAAAG 


1914 


CTTTCAGGACCTGCCAG 


1915 


Hapmnnhilia A 

Asn144Lys 
MTg-AAA 


AGATGATAAAGTCTTCCCTGGTGGAAGCCATACATATGTCTG 

GCAGGTCCTGAAAGAGAAIGGTCCAATGGCCTCTGACCCACT 

GTGCCTTACCTACTCATATCTTTCTCATGTGGACCTG 


1916 


CAGGTCCACATGAGAAAGATATGAGTAGGTAAGGCACAGTGG 
GTCAGAGGCCAnGGACCATTCTCTTTCAGGACCTGCCAGAC 

ATATfiTATftftPTTPP APf* A CICIC* AAPA f^TTT A TO ATr^T 
r\ l M 1 \j I Ml V5oU 1 1 LrOAOUAoobAAoAO 1 1 1 A 1 OA 1 L» 1 


1917 


AAAGAGAATGGTCCAAT 


1918 


ATTGGACCATTCTCTTT 


1919 


Hapmnnhilia A(^ 

Gly145Asp 
GGT-GAT 


ATGATAAAGTCTTCCCTGGTGGAAGCCATACATATGTCTGGCA 
GGTCCTGAAAGAGAATGGTCCAATGGCCTCTGACCCACTGTG 
CCTTACCTACTCATATCTTTCTCATGTGGACCTGGT 


1920 


ACCAGGTCCACATGAGAAAGATATGAGTAGGTAAGGCACAGT 
GGGTCAGAGGCCATTGGACCATTCTCTTTCAGGACCTGCCAG 

APATATftTATftfiPTTP P APP Aftftfi A Aft APTTT ATP AT 


1921 


AbAbAATbQTCCAATGG 


1922 


CCATTGGACCATTCTCT 


1923 


Hapmnnhilia A 

Gly145Val 
GGT-GTT 


ATGATAAAGTCTTCCCTGGTGGAAGCCATACATATGTCTGGCA 
GG 1 00 IGAAAGAGMTGGTCCMTGGCCTCTGACCCACTGTG 
CCTTACCTACTCATATCTTTCTCATGTGGACCTGGT 


1924 


ACCAGGTCCACATGAGAAAGATATGAGTAGGTAAGGCACAGT 
GGGTCAGAGGCCATTGGACCATTCTCTTTCAGGACCTGCCAG 
ACATATGTATGGCTTCCACCAGGGAAGACTTTATCAT 


1925 


AGAGAATGGTCCAATGG 


1926 


CCATTGGACCATTCTCT 


1927 


Haemophilia A 

Pro146Ser 

tCCA-TCA 


GATAAAGTCTTCCCTGGTGGAAGCCATACATATGTCTGGCAG 
GTCCTGAAAGAGAATGGT£CAATGGCCTCTGACCCACTGTGC 
CTTACCTACTCATATCTTTCTCATGTGGACCTGGTAA 


1928 
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Correcting Oligos 
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TTACCAGGTCCACATGAGAAAGATATGAGTAGGTAAGGCACA 
GTGGGTCAGAGGCCATTGGACCATTCTCTTTCAGGACCTGCC 
AGACATATGTATGGCTTCCACCAGGGAAGACTTTATC 


1929 


AGAATGGTCCAATGGCC 


1930 


GGCCATTGGACCATTCT 


1931 


Haemophilia A 

Cys153Trp 

TGCc-TGG 


CCATACATATGTCTGGCAGGTCCTGAAAGAGAATGGTCCAAT 
GGCCTCTGACCCACTGTGCCTTACCTACTCATATCTTTCTCAT 
GTGGACCTGGTAAAAGACTTGAATTCAGGCCTCATT 


1932 


AATGAGGCCTGAATTCAAGTCTTTTACCAGGTCCACATGAGAA 
AGATATGAGTAGGTAAGGCACAGTGGGTCAGAGGCCATTGGA 
CCATTCTCTTTCAGGACCTGCCAGACATATGTATGG 


1933 


CCACTGTGCCTTACCTA 


1934 


TAGGTAAGGCACAGTGG 


1935 


Haemophilia A 

Tyr156Term 

TACt-TAA 


TGTCTGGCAGGTCCTGAAAGAGAATGGTCCAATGGCCTCTGA 
CCCACTGTGCCTTACCTACTCATATCTTTCTCATGTGGACCTG 
GTAAAAGACTTGAATTCAGGCCTCATTGGAGCCCTA 


1936 


1 AGGGC 1 CCAA 1 GAGGCC 1 GAA 1 ICAAGICI 1 1 IACCAGGIC 

CACATGAGAAAGATATGAGTAGGTAAGGCACAGTGGGTCAGA 

GGCCATTGGACCATTCTCTTTCAGGACCTGCCAGACA 


1937 


CTTACCTACTCATATCT 


1938 


AGATATGAGTAGGTAAG _j 


1939 


Haemophilia A 

Ser157Pro 

cTCA-CCA 


GTCTGGCAGGTCCTGAAAGAGAATGGTCCAATGGCCTCTGAC 
CCACTGTGCCTTACCTACTCATATCTTTCTCATGTGGACCTGG 
TAAAAGACTTGAATTCAGGCCTCATTGGAGCCCTAC 


1940 




GTAGGGCTCCAATGAGGCCTGAATTCAAGTC 1 1 1 IACCAGGT 

CCACATGAGAAAGATATGAGTAGGTAAGGCACAGTGGGTCAG 

AGGCCATTGGACCATTCTCTTTCAGGACCTGCCAGAC 


1941 


TTACCTACICATATCTT 


1942 


AAGATATGAGTAGGTAA 


1943 


Haemophilia A 

Ser160Pro 

tTCT-CCT 


GTCCTGAAAGAGMTGGTCCAATGGCCTCTGACCCACTGTGC 
CTTACCTACTCATATCTTTCTCATGTGGACCTGGTAAAAGACT 
TGAATTCAGGCCTCATTGGAGCCCTACTAGTATGTA 


1944 


TACATACTAGTAGGGCTCCAATGAGGCCTGAATTCAAGTCTTT 
TACCAGGTCCACATGAGAAAGATATGAGTAGGTAAGGCACAG 
TGGGTCAGAGGCCATTGGACCATTCTCTTTCAGGAC 


1945 


CATATCTTTCTCATGTG 


1946 


CACATGAGAAAGATATG 


1947 


Haemophilia A 

Val162Met 

tGTG-ATG 


AAAGAGAATGGTCCAATGGCCTCTGACCCACTGTGCCTTACC 
TACTCATATCTTTCTCATGTGGACCTGGTAAAAGACTTGAATT 
CAGGCCTCATTGGAGCCCTACTAGTATGTAGAGAAG 


1948 
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CTTCTCTACATACTAGTAGGGCTCCAATGAGGCCTGAATTCAA 

GTCTTTTACCAGGTCCACATGAGAAAGATATGAGTAGGTAAG 

GCACAGTGGGTCAGAGGCCATTGGACCATTCTCTTT 


1949 


TTTCTCATGTGGACCTG 


1950 


CAGGTCCACATGAGAAA 


1951 


Haemophilia A 

Lys166Thr 

AAA-ACA 


CAATGGCCTCTGACCCACTGTGCCTTACCTACTCATATCTTTC 
TCATGTGGACCTGGTAAAAGACTTGAATTCAGGCCTCATTGG 
AGCCCTACTAGTATGTAGAGAAGGTAAGTGTATGAA 


1952 


TTCATACACTTACCTTCTCTACATACTAGTAGGGCTCCAATGA 

GGCCTGM7TCMGTCTTTTACCAGGTCCACATGAGAAAGATA 

TGAGTAGGTAAGGCACAGTGGGTCAGAGGCCATTG 


1953 


CCTGGTAAAAGACTTGA 


1954 


TCAAGTCTTTTACCAGG 


1955 


Haemophilia A 

Ser170Leu 

TCA-TTA 


ACCCACTGTGCCTTACCTACTCATATCTTTCTCATGTGGACCT 
GGTAAAAGACTTGAATTCAGGCCTCATTGGAGCCCTACTAGT 
ATGTAGAGAAGGTAAGTGTATGAAAGCGTAGGATTG 


1956 


CAATCCTACGCTTTCATACACTTACCTTCTCTACATACTAGTAG 
GGCTCCAATGAGGCCTGAATTCAAGTC 1 I I I ACCAGGTCCAC 
ATGAGAAAGATATGAGTAGGTAAGGCACAGTGGGT 


1957 


CTTGAATTCAGGCCTCA 


1958 


TGAGGCCTGAATTCAAG 


1959 


Haemophilia A 

Phe195Val 

aTTT-GTT 


MTGTTCTCACTTCTTTTTCAGGGAGTCTGGCCAAGGAAAAGA 
CACAGACCTTGCAC AAATTTATACTAC 1 1 1 1 1 GCTGTATTTGAT 
GAAGGTTAGTGAGTCTTAATCTGAATTTTGGATT 


1960 




AATCCAAAATTCAGATTAAGACTCACTAACCTTCATCAAATACA 

GCAAAMGTAGTATAAATTTGTGCAAGGTCTGTGTCTTTTCCT 

TGGCCAGACTCCCTGAAAAAGAAGTGAGAACATT 


1961 


TGCACAAATTTATACTA 


1962 


TAGTATAAATTTGTGCA J 


1963 


Haemophilia A 

Leu198His 

CTT-CAT 


CTTCTTTTTCAGGGAGTCTGGCCAAGGAAAAGACACAGACCT 
TGCACAMTTTATACTACTTTTTGCTGTATTTGATGAAGGTTAG 
TGAGTCTTAATCTGAATnTGGATTCCTGAAAGAA 


1964 


TTCTTTCAGGAATCCAAAATTCAGATTAAGACTCACTAACCTTC 

ATCAAATACAGCAAAAAGTAGTATAAATTTGTGCAAGGTCTGT 

GTCTTTTCCTTGGCCAGACTCCCTGAAAAAGAAG 


1965 


TATACTACTJTTTGCTG 


1966 


CAGCAAAAAGTAGTATA 


1967 


Haemophilia A . 

Ala200Asp 

GCT-GAT 


TTTCAGGGAGTCTGGCCAAGGAAAAGACACAGACCTTGCACA 
AATTTATACTAC 1 1 1 1 1 GCTGTATTTGATGAAGGTTAGTGAGTC 
nAATCTGAATTTTGGATTCCTGAAAGAAATCCTC 


1968 
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. SEQ 10 

. HO: 




GAGGATrTCTTTCAGGAATCCAAAAnCAGAnAAGACTCACT 

A APPTTPATP A A ATAP A/2PA AAA A/TTA/TTATA A AIM PT/^PA A 
AAV^u! 1 Utt 1 OAAA 1 AUAvlrAAAAAvj 1 Ao 1 A 1 AAA 1 1 IvjIVjLAA 

GGTCTGTGTCTTTTCCTTGGCCAGACTCCCTGAAA 


1969 


ACIII IIGCIGIAIIIG 


1970 


CAAATACAGCAAAAAGT 


1971 


Haemophilia A 

Aia200Jhr 

tGCT-ACT 


TTTTCAGGGAGTCTGGCCAAGGAAAAGACACAGACCTTGCAC 
AAATTTATACTACI 1 1 1 1 GCTGTATTTGATGAAGG7TAGTGAGT 
CTTAATCTGAATTTTGGATTCCTGAAAGAAATCCT 


1972 


AGGATTTCnTCAGGAATCCAAAAnCAGATTAAGACTCACTA 
ACCTTCATCAAATACAGCAAAAAGTAGTATAAATTTGTGCAAG 
GTCTGTGTCTTTTCCTTGGCCAGACTCCCTGAAAA 


1973 


1 ACINI IGCIGIAI II 


1974 


AAATACAGCAAAAAGTA 


1975 


Haemophilia A 

Val234Phe 

aGTC-TTC 


AACTCCTTGATGCAGGATAGGGATGCTGCATCTGCTCGGGCC 

*T* /"\ V\ /*\*T^ A A A A HP Jfc A ^\ * 49%. «A— A a ^Av ■ ■ ■ ii A As _n_-| . AAA ^a A iAk. ^Am jrfkv ^ Av 

TGGCCTAAAATGCACACAGTCAATGGTTATGTAAACAGGTCTC 
TGCCAGGTATGTACACACCTGCTCAACAATCCTCAG 


1976 


CTGAGGATTGTTGAGCAGGTGTGTACATACCTGGCAGAGACC 

T^>T 1 T" APATA AP^ATT^AATPTOT^ATTTTA/^A^OAOO/N/^A^ 

loll lALAIMUUATlbACTGTGTGCAl 1 1 1 AGGCCAGGCCCG 
AGCAGATGCAGCATCCCTATCCTGCATCAAGGAGTT 


1977 


TGCACACAGTCAATGGT 


1978 


ACCATTGACTGTGTGCA 


1979 


Haemophilia A 

Gly247Glu 

GGA-GAA 


ATTTCAGATTCTCTACTTCATAGCCATAGGTGTCTTATTCCTAC 
TTTACAGGTCTGATTGGATGCCACAGGAAATCAGTCTA1TGGC 
ATGTGATTGGAATGGGCACCACTCCTGAAGTGCA 


1980 




TGCACTTCAGGAGTGGTGCCCATTCCAATCACATGCCAATAG 
AL 1 uA 1 1 1 LO 1 b 1 buLA 1 LUAA 1 OAbAUUTbTAAAGTAGGAAT 
AAGACACCTATGGCTATGAAGTAGAGAATCTGAAAT 


1981 


TCTGATTGGATGCCACA 


1982 


TGTGGCATCCAATCAGA 


1983 


Haemophilia A 

Trp255Cys 

TGGc-TGT 


ATAGGTGTCTTATTCCTACTTTACAGGTCTGATTGGATGCCAC 
AGGAAATCAGTCTATTGGCATGTGATTGGAATGGGCACCACT 
CCTGAAGTGCACTCAATATTCCTCGAAGGTCACACA 


1984 


TGTGTGACCTTCGAGGAATATTGAGTGCACTTCAGGAGTGGT 

ft P P P ATTPP A ATP A P ATYi PPAATAPA PTP A TTTP PTPTPO P A T 
OOUUA 1 1 UUAA 1 OAUA 1 obi* AA 1 AoAl* 1 uA 1 1 1 Ul> 1 b 1 ovjUA 1 

CCAATCAGACCTGTAAAGTAGGAATAAGACACCTAT 


1985 


GTCTATTGGCATGTGAT 


1986 


ATCACATGCCAATAGAC 


1987 


Haemophilia A 

Trp255Term 

TGGc-TGA 


ATAGGTGTCTTATTCCTACTTTACAGGTCTGATTGGATGCCAC 
AGGAAATCAGTCTATTGGCATGTGATTGGAATGGGCACCACT 
CCTGAAGTGCACTCAATATTCCTCGAAGGTCACACA 


1988 
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SEQfD 




TGTGTGACCTTCGAGGAATATTGAGTGCACTTCAGGAGTGGT 

ftPPP ATTPP A ATP AP AT/^PP A AT AP A PTP ATTTY > r v TY v rr % rv'* AX 
oOVA/tt 1 I UuAH 1 LrMUM 1 bULrAA 1 AbAO 1 bA 1 1 1 uL 1 b 1 bbLAT 

CCAATCAGACCTGTAAAGTAGGAATMGACACCTAT 


1989 


GTCTATTGGCATGTGAT 

vi wini i vjyjvn 1 \J l \Jr\ I 


1990 


ATCACATGGCAATAGAC 


1991 


Haemophilia A 

His256Leu 

CAT-CTT 


AGGTGTCTTATTCCTACTTTACAGGTCTGATTGGATGCCACAG 

HA A ATPAftTPTATTf^PP ATfTTP att^Paatpppoa r^n f^r^Tnn 
v3Mrv\ I LrMo l L» 1 M 1 louOAIblbAI 1 bbAAl bbbLALOAOTLC 

TGAAGTGCACTCAATATTCCTCGAAGGTCACACATT 


1QQ3 
last 


AATGTGTGACCTTCGAGGAATATTGAGTGCACTTCAGGAGTG 

fTTY^PPP ATTPP A ATP A P ATP PP A AT A A OTOATTT^TPT/^O 

yj 1 oUUuA 1 I OUAA 1 oAOAJbLuAA J AbALl bATTTCC/TGTGG 
CATCCAATCAGACCTGTAAAGTAGGAATAAGACACCT 


1993 


CTATTGGCATCTTGATTf; 


1994 


CAATCACATGCCAATAG 


1995 


Haemophilia A 

biyzoyArg 

tGGA-AGA 


TATTCCTACTTTACAGGTCTGATTGGATGCCACAGGAAATCAG 
TCTATTGGCATGTGATTGGAATGGGCACCACTCCTGAAGTGC 
ACTCAATATTCCTCGAAGGTCACACATTTCTTGTGA 


1QQR 


TCACAAGAAATGTGTGACCTTCGAGGAATATTGAGTGCACTTC 
AbbAb I bb 1 bbUUATTLCAATCACATGCCAATAGACTGATTT 
CCTGTGGCATCCAATCAGACCTGTAAAGTAGGAATA 


1997 


ATftTft ATTft ftA ATftft ftP 


1998 


GCCCATTCCAATCACAT 


1999 


Haemophilia A 

Val266Gly 

GTG-GGG 


TTGGATGCCACAGGAAATCAGTCTATTGGCATGTGATTGGAAT 

f2fif2p A PP APTPPTTTS A A PTPP A PTP A AT AnW v TW"> A A r^r-Tn a 

ooowua»AO 1 \ oMAoiuL.AU 1 t/AA 1 A 1 1 IA> 1 OoAAoGTCA 
CACATTTCTTGTGAGGAACCATCGCCAGGCGTCCTT 


9flflfi 

zuuu 




AAGGACGCCTGGCGATGGTTCCTCACAAGAAATGTGTGACCT 

A AT ATTf^ A fTTCP A PTTP A PP A PTP nrnnnn a ttpo a 
i uonouMM l M l I oAo 1 oLrAo 1 1 b AbbAb 1 bb 1 bULuA 1 IbOA 

ATCACATGCCAATAGACTGATTTCCTGTGGCATCCAA 


2001 ! 


TCCTGAAGTGCACTDAA 


2002 


TTGAGTGCACTTCAGGA 


2003 


Haemophilia A 

Glu272Gly 

GM-GGA 


CAGTCTATTGGCATGTGATTGGAATGGGCACCACTCCTGAAG 
TGCACTCAATATTCCTCGAAGGTCArAf:ATTTPTTRTfiAf5f5AA 

CCATCGCCAGGCGTCCTTGGAAATCTCGCCAATAAC 




GTTATTGGCGAGATTTCCAAGGACGCCTGGCGATGGTTCCTC 
ACAAGAAATGTGTGACCTTCGAGGAATATTGAGTGCACTTCAG 
GAGTGGTGCCCATTCCAATCACATGCCAATAGACTG 


2005 


ATTCCTCGAAGGTCACA 


2006 


TGTGACCTTCGAGGAAT 


2007 


Haemophilia A 
Glu272Lys 
cGAA-AAA • 


TCAGTCTATTGGCATGTGATTGGAATGGGCACCACTCCTGAA 

GTGCACTCAATATTCCTCGAAGGTCACACATTTCTTGTGAGGA 

ACCATCGCCAGGCGTCCTTGGAAATCTCGCCAATAA 


2008 
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TTATTGGCGAGATTTCCAAGGACGCCTGGCGATGGTTCCTCA 
CAAGAAATGTGTGACCTTCGAGGAATATTGAGTGCACTTCAG 
GAGTGGTGCCCATTCCAATCACATGCCAATAGACTGA 


2009 


TAnCCTCGAAGGTCAC 


2010 


GTGACCTTCGAGGAATA 


2011 


Haemophilia A 

Thr275lle 

ACA-ATA 


GGCATGTGATTGGAATGGGCACCACTCCTGAAGTGCACTCAA 
TATTCCTCGAAGGTCACACATTTCTTGTGAGGAACCATCGCCA 
GGCGTCCTTGGAAATCTCGCCAATAACTTTCCTTAC 


2012 


GTAAGGAMGTTATTGGCGAGATTTCCAAGGACGCCTGGCGA 
TGGTTCCTCACAAGAAATGTGTGACCTTCGAGGAATATTGAGT 
GCACTTCAGGAGTGGTGCCCATTCCAATCACATGCC 


2013 


AGGTCACACATTTCTTG 


2014 


CAAGAAATGTGTGACCT 


2015 


Haemophilia A 

Val278Ala 

GTG-GCG 


TTGGAATGGGCACCACTCCTGAAGTGCACTCAATATTCCTCG 
AAGGTCACACATTTCTTGTGAGGAACCATCGCCAGGCGTCCT 
TGGAAATCTCGCCAATAACTTTCCTTACTGCTCAAAC 


2016 


GTTTGAGCAGTAAGGAAAGTTATTGGCGAGATTTCCAAGGAC 

GCCTGGCGATGGTTCCTCACAAGAAATGTGTGACCTTCGAGG 

AATATTGAGTGCACTTCAGGAGTGGTGCCCATTCCAA 


2017 


ATTTCTTGIGAGGAACC 


2018 


GGTTCCTCACAAGAAAT 


2019 


Haemophilia A 

Asn280lle 

AAC-ATC 


TGGGCACCACTCCTGAAGTGCACTCAATATTCCTCGAAGGTC 
ACACATTTCTTGTGAGGAACCATCGCCAGGCGTCCTTGGAAA 
TCTCGCCAATAACTTTCCTTACTGCTCAAACACTCTT 


2020 




MGAGTGTTTGAGCAGTAAGGAAAGTTATTGGCGAGATTTCCA 
AGGACGCCTGGCGATGGTTCCTCACAAGAAATGTGTGACCTT 
CGAGGAATATTGAGTGCACTTCAGGAGTGGTGCCCA 


2021 


TGTGAGGAACCATCGCC 


2022 


GGCGATGGTTCCTCACA 


2023 


Haemophilia A 

Arg282Cys 

tCGC-TGC 


ACCACTCCTGAAGTGCACTCAATATTCCTCGAAGGTCACACAT 
TTCTTGTGAGGAACCATCGCCAGGCGTCCTTGGAAATCTCGC 
CAATAACTTTCCTTACTGCTCAAACACTCTTGATGG 


2024 


CCATCMGAGTGTTTGAGCAGTAAGGAAAGTTATTGGCGAGA 

"F"*T^T"^>/^ A A A A A' 1 A ^T^^ f | /">T^N A A A A AAA TATA 1 

TTTCCAAGGACGCCTGGCGATGGTTCCTCACAAGAAATGTGT 
GACCTTCGAGGAATATTGAGTGCACTTCAGGAGTGGT 


2025 


GGAACCATCGCCAGGCG 


2026 


CGCCTGGCGATGGTTCC 


2027 


Haemophilia A 

Arg282His 

CGC-CAC 


CCACTCCTGAAGTGCACTCAATATTCCTCGAAGGTCACACATT 
TCTTGTGAGGAACCATCGCCAGGCGTCCTTGGAAATCTCGCC 
AATAACTTTCCTTACTGCTCAAACACTCTTGATGGA 


2028 
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SEGUD 
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TCCATCAAGAGTGTTTGAGCAGTAAGGAAAGTTATTGGCGAG 
ATTTCCAAGGACGCCTGGCGATGGTTCCTCACAAGAAATGTG 
TGACCTTCGAGGAATATTGAGTGCACTTCAGGAGTGG 


202Q 




GAACCATCGCCAGGCGT 


90W 




ACGCCTGGCGATGfiTTr 


1 


iiacliiOpnilld M 

Arg282Leu 
CGC-CTC 


PP A PTPPTP. A A PTP:P A PTP A AT ATTPPTP PAAP PTP AP AP ATT 

ULrAU 1 ULr 1 bAAb 1 bLAb l UAA 1 A II L»L» 1 LbAAbb 1 LrAbAOATT 

TCTTGTGAGGAACCATCGCCAGGCGTCCTTGGAAATCTCGCC 
AATAACTTTCCTTACTGCTCAAACACTCTTGATGGA 


2032 




TGCATCAAGAGTGTTTGAGCAGTAAGGAAAGTTATTGnr^An 
ATTTCCAAGGACGCCTGGCGATGGTTCCTCACAAGAAATGTG 
TGACCTTCGAGGAATATTGAGTGCACTTCAGGAGTGG 


90T* 




GAACCATCGCCAGGCGT 


90^ 




ACGCCTGGCGATGGTTC 


90^5 


nacrnopniiid a 

Ala284Glu 

GCG-GAG 


PTP« A A PTPP A PTP A A T ATTPPTPP A A P PTP A P A P A TTTPTTPT 

b 1 bAAb 1 bbAb 1 bAA 1 A I 1 bb 1 LbAAbb 1 LAuALA 1 1 I L 1 1 b 1 

GAGGAACCATCGCCAGGCGTCCTTGGAAATCTCGCCAATAAC 

TTTCCTTACTGCTCAAACACTCTTGATGGACCTTGG 


2036 




CCAAGGTCCATCAAGAGTGTTTGAGnAGTAA^f^AAAfiTTATT 
GGCGAGATTTCCAAGGACGCCTGGCGATGGTTCCTCACAAG 
AAATGTGTGACCTTCGAGGAATATTGAGTGCACTTCAG 


90T7 




TCGCCAGGCGTCCTTGG ~ l 


9fna 
zuoo 




CCAAGGACGCCTGGCGA 




naernopniiia a 

A!a284Pro 

gGCG-CCG 


PPTP A A PTPP A PTP A A T A TTPPTP/""* A A P/"*TO A/>A/>A I I I OTTO 

bb 1 bAAb 1 bLAb I bAA I A 1 1 Lb I LbAAbbTCACACA 1 1 ICTTG 
TGAGGAACCATCGCCAGGCGTCCTTGGAAATCTCGCCAATAA 
CTTTCCTTACTGCTCAAACACTCTTGATGGACCTTG 


2040 




CAAGGTCCATCAAGAGTGTTTGAGCAGTAAGGAAAGTTATTfi 

GCGAGATTTCCAAGGACGCCTGGCGATGGTTCCTCACAAGAA 

ATGTGTGACCTTCGAGGAATATTGAGTGCACTTCAGG 






ATCGCCAGGCGTCCTTG 


9049 




CAAGGACGCCTGGCGAT 


904.3 


Ser289Leu 
TCG-TTG 


T ATTPPTPC A A P^TP A P AP ATTTPTTPTP A PP A A PP ATPPPP A 
1 Ml 1 bb i buAAbb I bAbAbA 1 1 1 b 1 1 b 1 bAbbAAbLA 1 bbbLA 

GGCGTCCTTGGAAATCTCGCCAATAACTTTCCTTACTGCTCAA 
ACACTCTTGATGGACCTTGGACAGTTTCTACTGTT 


ooa a 
2044 




AACAGTAGAAACTGTCCAAGGTCCATCAAGAGTG1TTGAGCA 

GTAAGGAAAGTTATTGGCGAGATTTCCAAGGACGCCTGGCGA 

TGGTTCCTCACAAGAAATGTGTGACCTTCGAGGAATA 


2045 




GGAAATCTCGCCAATAA 


2046 




TTATTGGCGAGATTTCC 


2047 


Haemophilia A 

Phe293Ser 

TTC-TCC 


GTCACACATTTCTTGTGAGGAACCATCGCCAGGCGTCCTTGG 

AAATCTCGCCAATAACTTTCCTTACTGCTCAAACACTCTTGAT 

GGACCTTGGACAGTTTCTACTGTTTTGTCATATCTC 


2048 
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Correcting Oiigos ; ] 


m 




GAGATATGACAAAACAGTAGAAACTGTCCAAGGTCCATCAAG 

hfyrfyTTrr* Af^r* a^ta a/"*/-* a a a/* % t-tatt/-^^/**a^a i i ia^a a ^ 
AG 1 G II 1 GAGOAG I AAGGAAAG 1 1 ATTGGCGAGAI 1 ICCAAG 

GACGCCTGGCGATGGTTCCTCACAAGAAATGTGTGAC 


2049 


AATAACTTTCCTTACTG 


2050 


CAGTAAGGAAAGTTATT 


2051 


Haemophilia A 

Thr295Ala 

tACT-GCT 


ACATTTCTTGTGAGGAACCATCGCCAGGCGTCCTTGGAAATC 
TCGCCAATAACTTTCCTTACTGCTCAAACACTCTTGATGGACC 
TTGGACAGTTTCTACTGTTTTGTCATATCTCTTCCC 


2052 


GGGMGAGATATGACAAMCAGTAGAAACTGTCCAAGGTCCA 

TO A AO A ^TOTTTO A OO A OTA A OO AAA ^TTATT/N^OO A /*X A I'T'm 

lUAAGAGTGTTTGAGCAGTAAGGAAAGTTATTGGCGAGAl 1 IC 
CAAGGACGCCTGGCGATGGTTCCTCACAAGAAATGT 


2053 


CTTTCCTTACTGCTCAA 


2054 


TTGAGCAGIAAGGAAAG 


2055 


Haemophilia A 

Thr295lle 

ACT-ATT 


CATTTCTTGTGAGGAACCATCGCCAGGCGTCCTTGGAAATCT 
CGCCAATAACTTTCCTTACTGCTCAAACACTCTTGATGGACCT 
TGGACAGTTTCTACTGTTTTGTCATATCTCTTCCCA 


2056 


TGGGAAGAGATATGACAAAACAGTAGAAACTGTCCAAGGTCC 

A TO A A O A O TO 1 1 1 O A OO A A A /*N/"N AAA /*VT r A I I /"HAN a an a t if 

ATCAAGAGTGTTTGAGCAGTAAGGAAAGTTATTGGCGAGATTT 
CCAAGGACGCCTGGCGATGGTTCCTCACAAGAAATG 


2057 


TTTCCTTACTGCTCAAA 


2058 


TTTGAGCAGTAAGGAAA 


2059 


Haemophilia A 

Ala296Val 

GCT-GTT 


TTCTTGTGAGGAACCATCGCCAGGCGTCCTTGGAAATCTCGC 
CAATAACTTTCCTTACTGCTCAAACACTCTTGATGGACCTTGG 
ACAGTTTCTACTGTTTTGTCATATCTCTTCCCACCA 


2060 


TGGTGGGAAGAGATATGACAAAACAGTAGAMCTGTCCAAGG 

TO O A TO A A O A OTOTTTO A O O A Z^'l" A A A^/N AAA ^> I ■!' a 1 i a> a 

TCCATCMGAGTGTTTGAGCAGTAAGGAAAGTTATTGGCGAG 
ATTTCCAAGGACGCCTGGCGATGGTTCCTCACAAGAA 


2061 


CCTTACTGCTCAAACAC 


2062 


GTGTTTGAGCAGTAAGG 


2063 


Haemophilia A 

Leu308Pro 

CTG-CCG 


TCTCGCCAATAACTTTCCTTACTGCTCAAACACTCTTGATGGA 
CCTTGGACAGTTTCTACTGTTTTGTCATATCTCTTCCCACCAA 
CATGGTAATATCTTGGATCTTTAAAATGAATATTA 


2064 


TAATATTCATTTTAAAGATCCAAGATATTACCATGTTGGTGGGA 
AGAGA 1 A 1 GAGAAAAGAG 1 AGAAAG 1 G 1 GGAAGG iGGATCAA 
GAGTGTTTGAGCAGTAAGGAAAGTTA7TGGCGAGA 


2065 


GTTTCTACTGTTTTGTC 


2066 


GACAAAACAGTAGAAAC 


2067 


Haemophilia A 

Glu321Lys 

gGM-AAA 


ACAGCCTAATATAGCAAGACACTCTGACATTGTTTGGTTTGTC 
TGACTCCAGATGGCATGGAAGCTTATGTCAMGTAGACAGCT 
GTCCAGAGGAACCCCAACTACGAATGAAAAATAATG 


2068 
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CATTAi 1 1 1 1 CATTCGTAGTTGGGGTTCCTCTGGACAGCTGTC 

TACTTTGACATMGCTTCCATGCCATCTGGAGTCAGACAAACC 
AAACAATGTCAGAGTGTCTTRCTATATTAri^rTCT 


2069 




A 1 bov/A 1 bVa AAbLr 1 1 AT 


2070 




ATMGCTTCCATGCCAT 


2071 


Haemophilia A 

Tyr323Term 

TATg-TAA 


ATATAGCAAGACACTCTGACA7TGTTTGGTTTGTCTGACTCCA 
GATGGCATGGMGCTTATGTCAMGTAGACAGCTGTCCAGAG 
GAACCCCAACTACGAATGAAAAATAATGAAGAAGCG 


2072 . 




CGCTTCnCATTATTTTTCATTCGTAGTTGGGGTTCCTCTGGA 

CAGCTGTCTACTTTGACATAAGCTTCCATGCCATCTGGAGTCA 
GACAAACCAAAnAATf^TrAf^AnTnTPTT^rTATAT 


2073 




bAAoU 1 1 Alb 1 LAAAGT 


2074 




ACTTTGACATAAGCTTC 


2075 


Haemophilia A 

Val326Leu 

aGTA-CTA 


AAGACACTCTGACATTGTTTGGTTTGTCTGACTCCAGATGGCA 
TGGAAGCTTATGTCAAAGTAGACAGCTGTCCAGAGGAACCCC 
AACTACGMTGAAAAATAATGAAGAAGCGGAAGACT 


2076 




AGTCTTCCGCTTCTTCATTATTTnCATTCGTAGTTGGGGTTC 
CTCTGGACAGCTGTCTACTTTGACATAAGCTTCCATGCCATCT 

RGAnTnAfiArAAAPrAAAPAATnTPAPAPTr^TPTT 


2077 




ATGTCAAAGTAGACAGC 


2078 




GCTGTCTACTTTGACAT 


2079 


Haemophilia A 

Cys329Arg 

cTGT-CGT 


TGACA7TGTTTGGTTTGTCTGACTCCAGATGGCATGGAAGCTT 
ATGTCAAAGTAGACAGCTGTCCAGAGGAACCCCAACTACGAA 
TGAAAAATAATGAAGAAGCGGAAGACTATGATGATG 


2080 




CATCATCATAGTCTTCCGCTTCTTCATTATTTTTCATTCGTAGT 

TGGGGTTCCTCTGGACAGCTGTCTACTTTGACATAAGCTTCC 
ATGCCATCTGGAfTTn Aft AP A A APP aaapa ATfrrp a 


2081 




TAPArAPf k Tr k T^ > pAr k Ar» 
1 AbAUAbOTb 1 LCAGAG 


2082 




CTCTGGACAGCTGTCTA 


2083 


Haemophilia A 

Cys329Tyr 

TGT-TAT 


GACATTGTTTGGTTTGTCTGACTCCAGATGGCATGGAAGCTTA 
i u i u/vwo I Mw\UAtoL 1 to 1 OOAuAbbAALCCCAACTACGAAT 
GAAAAATAATGMGAAGCGGAAGACTATGATGATGA 


2084 




TCATCATCATAGTCTTCCGCnCnCATTATTTTTCATTCGTAG 

TTGGGGTTCCTCTGGACAGCTGTCTACTTTGACATAAGCTTCC 

ATGCCATCTGGAGTCAGACAAACCAAACAATGTC 


2085 




AGACAGCTGTCCAGAGG 


2086 




CCTCTGGACAGCTGTCT 


2087 


Haemophilia A 
Arg336Term ; 
aCGA-TGA 


ACTCCAGATGGCATGGAAGCTTATGTCAAAGTAGACAGCTGT 
CCAGAGGAACCCCAACT ACGAATGAAAMTAATGAAGAAGCG 
GAAGACTATGATGATGATC7TACTGATTCTGAAATGG 


2088 
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NO: 




CCATTTCAGAATCAGTAAGATCATCATCATAGTCTTCCGCTTC 
1 IL.AI IAI 1 1 1 IL.AI IL»ulAbl Ibbbbl ILolL.lobAL.AbC/TG 
TCTACTTTGACATAAGCTTCCATGCCATCTGGAGT 


2089 


CCCAACTACGAATGAAA 


2090 


TTTCATTCGTAGTTGGG 


2091 


Haemophilia A 

Arg372Cys 

tCGC-TGC 


GATTCTGAAATGGATGTGGTCAGGTTTGATGATGACMCTCTC 
CtTCCTTTATCCAAATTCGCTCAGTTGCCAAGAAGCATCCTAA 
AACTTGGGTACATTACATTGCTGCTGAAGAGGAGG 


2092 


CCTCCTCTTCAGCAGCAATGTMTGTACCCAAGTTTTAGGATG 
L. 1 1 L. 1 1 bbbAACTGAbbGAAl 1 1 GGATAAAGGAAGGAGAGTT 

gtcatcatcaaacctgaccacatccatttcagaatc 


2093 


TCCAAATTCGCTCAGTT 


2094 


AACTGAGCGAATTTGGA 


2095 


Haemophilia A 

Arg372His 

CGC-CAC 


ATTCTGAAATGGATGTGGTCAGGTTTGATGATGACAACTCTCC 
TTCCTTTATCCAAATTCGCTCAGTTGCCAAGAAGCATCCTAAA 
ACTTGGGTACATTACATTGCTGCTGAAGAGGAGGA 


2096 


TCCTCCTCTTCAGCAGCAATGTAATGTACCCAAGI 1 1 IAGGAT 
bOTTCTTGGCMCTGAGCGMTTTGGATAAAGGAAGGAGAGT 
TGTCATCATCAAACCTGACCACATCCATTTCAGAAT 


2097 


CCAAATTCGCTCAGTTG ~j 


2098 


CAACTGAGCGAATTTGG 


2099 


Haemophilia A 

Ser373Leu 

TCA-TTA 


CTGAAATGGATGTGGTCAGGTTTGATGATGACAACTCTCCTTC 
CTTTATCCAAATTCGCTCAGTTGCCAAGAAGCATCCTAAAACT 
TGGGTACATTACATTGCTGCTGAAGAGGAGGACTG 


2100 


CAGTCCTCCTCTTCAGCAGCMTGTAATGTACCCAAGTTTTAG 

P A TOPTT^TT/^P/^ A A />"TT^ A /"*»/*>/"*« A A 1 1 1 /">0 AT* A A A /"H^> A A a /"N 

GATGCTTCTTGGCAACTGAGCGAAl 1 1 GGATAAAGGAAGGAG 
AGTTGTCATCATCAAACCTGACCACATCCATTTCAG 


2101 


AATTCGCTGAGTTGCCA 


2102 


TGGCAACTGAGCGAATT 


2103 


Haemophilia A 

Ser373Pro 

cTCA-CCA 


TCTGAAATGGATGTGGTCAGGTTTGATGATGACAACTCTCCTT 
CCTTTATCCAAATTCGCTCAGTTGCCAAGAAGCATCCTAAAAC 
TTGGGTACATTACATTGCTGCTGAAGAGGAGGACT 


2104 


AGTCCTCCTCnCAGCAGCAATGTAATGTACCCAAGTTTTAGG 

ATPPTTPTTPPP A APTP A PPP A ATTTPP ATA A A PP A A A P A 

GTTGTCATCATCAAACCTGACCACATCCATTTCAGA 


2105 


AAATTCGCICAGTTGCC 


2106 


GGCMCTGAGCGAATTT 


2107 


Haemophilia A 

Ser373Term 

TCA-TAA 


CTGAAATGGATGTGGTCAGGTTTGATGATGACAACTCTCCTTC 
CTtTATCCAAATTCGCTCAGTTGCCAAGAAGCATCCTAAAACT 
TGGGTACATTACATTGCTGCTGAAGAGGAGGACTG 


2108 
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CAGTCCTCCTCTTCAGCAGCAATGTAATGTACCCAAGTTTTAG 
GATGCTTCTTGGCAACTGAGCGAATTTGGATAAAGGMGGAG 
AGTTGTCATCATCAAACCTGACCACATCCATnCAG 


2109 


AATTCGCTCAGTTGCCA 


2110 


TGGCMCTGAGCGAATT 


2111 


Haemophilia A 

He386Phe 

cATT-TTT 


CCTTCCTTTATCCAAATTCGCTCAGTTGCCAAfiAAftrATrrTA 
AAACTTGGGTACATTACATTGCTGCTGAAGAGGAGGACTGGG 
ACTATGCTCCCTTAGTCCTCGCCCCCGATGACAGGT 




ACCTGTCATCGGGGGCGAGGACTAAGGGAGCATAGTCCCAG 
TCCTCCTCTTCAGCAGCAATGTAATGTACCCAAGTnTAGGAT 
GCTTCTTGGCAACTGAGCGAATTTGGATAAAGGAAGG 


2113 


TACATTACATTGCTGCT 


2114 


AGCAGCMTGTAATGTA 


2115 


HaemoDhilia A 

He386Ser 

ATT-AGT 


CTTCCTTTATCCAAATTrRrTrARTTRrrAAfSAAfiPATPPTAA 

AACTTGGGTACATTACATTGCTGCTGAAGAGGAGGACTGGGA 
CTATGCTCCCTTAGTCCTCGCCCCCGATGACAGGTA 


91 1ft 


TACCTGTCATCGGGGGCGAGGACTAAGGGAGCATAGTCCCA 

GTCCTCCTCTTCAGCAGCAATGTAATGTACCCAAGTTTTAGGA 

TGCTTCTTGGCAACTGAGCGAATTTGGATAAAGGAAG 


2117 

tin 


ACATTACATTGCTGCTG 


2118 


CAGCAGCAATGTAATGT 


2119 


HaemoDhilia A 

Glu390Gly 

GAG-GGG 


AAATTCf5nTnARTTRPrA Af5 A Aft P ATPPTA AAA PTTftftftTAr A 

TTACATTGCTGCTGAAGAGGAGGACTGGGACTATGCTCCCTT 
AGTCCTCGCCCCCGATGACAGGTAAGCACTTTTTGA 


01 OA 


TCAAAAAGTGCTTACCTGTCATCGGGGGCGAGGACTAAGGGA 

GCATAGTCCCAGTCCTCCTCTTCAGCAGCAATGTAATGTACC 

CAAGTTTTAGGATGCTTCTTGGCAACTGAGCGAATTT 


2121 


TGCTGAAGAGGAGGACT 


2122 


AGTCCTCCTCTTCAGCA 


2123 


Haemophilia A 

Trp393Gly 

cTGG-GGG 


TCAGTTGCCMGMGCATCCTAMAPTTGGGTAPATTAPATTf; 

CTGCTGAAGAGGAGGACIGGGACTATGCTCCCTTAGTCCTCG 
CCCCCGATGACAGGTAAGCACI 1 1 1 1 GACTATTGGT 


01 0/ 


ACCAATAGTCAAAAAGTGCTTACCTGTCATCGGGGGCGAGGA 
CTAAGGGAGCATAGTCCCAGTCCTCCTCTTCAGCAGCAATGT 
AATGTACCCAAGTTTTAGGATGCTTCTTGGCAACTGA 


2125 


AGGAGGACIGGGACTAT 


2126 


ATAGTCCCAGTCCTCCT 


2127 


Haemophilia A 

Lys408lle 

AAA-ATA 


GCCTACCTAGAATTnTCTTCCCAACCTCTCATC 1 1 U 1 1 ICTC 
TTATACAGAAG7TATAAAAGTCAATATTTGAACAATGGCCCTC 
AGCGGATTGGTAGGAAGTACAAAAAAGTCCGATT 


2128 
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f Correcting Oiigos 


SEQ ID 
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MTCGGACTTTTTTGTACTTCCTACCAATCCGCTGAGGGCCAT 

T^TT/^A A ATATTOA/^TTTTATA APTT/>T^TATA AOAOA A A A A A A 

TGTTCAAATATTGAC 1 I I lATAACTTCTGTATAAGAGAAAAAAA 
GATGAGAGGTTGGGAAGAAAAATTCTAGGTAGGC 


2129 


AAGTTATAAAAGTCAAT 


2130 


ATTGACTTTTATAACTT 


2131 


Haemophilia A 

Leu412Phe 

TTGa-TTT 


1 1 1 1 C 1 1 CCCAACCTCTCATC 1 1 1 1 1 1 1 C 1 GTTATACAGAAGTT 

ATAAAAGTCAATATTTGAACAATGGCCCTCAGCGGATTGGTAG 

GAAGTACAAAAAAGTCCGATTTATGGCATACACA 


2132 


TGTGTATGCCATAAATCGGACTTTTTTGTACTTCCTACCAATC 

^Ar^T/^ A /^^O/^^ ATTATT/* A A AT AT TO A 1 1 1 1 ATA AHTT^TOT 

CGCTGAGGGCCATTGTTCAAATATTGAC 1 1 1 1 ATAACTTCTGT 
ATAAGAGAAAAAAAGATGAGAGGTTGGGAAGAAAA 


2133 


CAATATTTGAACAATGG 


2134 


CCATTGTTCAAATATTG 


2135 


Haemophilia A 

Arg418Trp 

gCGG-TGG 


ICAICI 1 1 1 1 1 ICICI IAIACAGAAGI IAIAAAAGICAAIA1 11G 
AACAATGGCCCTCAGCGGATTGGTAGGAAGTACAAAAAAGTC 
CGATTTATGGCATACACAGATGAAACCTTTAAGA 


2136 


rCTTAAAGGT 11 CArC TGTG 1 ATGCCAI AMI CGGAC 1 MING 
TACTTCCTACCAATCCGCTGAGGGCCATTGTTCAAATATTGAC 
TTTTATAACTTCTGTATAAGAGAAAAAAAGATGA 


2137 


GCCCTCAGCGGATTGGT 


2138 


ACCAATCCGCTGAGGGC 


2139 


Haemophilia A 

Gly420Val 

GGT-GTT 


TTTTTCTCTTATACAGAAGTTATAAAAG 1 CAA 1 A 1 1 1 GAACAA1 

GGCCCTCAGCGGATTGGTAGGAAGTACAAAAAAGTCCGATTT 

ATGGCATACACAGATGAAACCTTTAAGACTCGTGA 


2140 


TCACGAGTCTTAAAGGTTTCATCTGTGTATGCCATAAATCGGA 
C 1 1 1 1 M GTACTTCCTACCAATCCGCTGAGGGCCATTGTTCAA 
ATATTGACTTTTATAACTTCTGTATAAGAGAAAAA 


2141 


GCGGATTGGTAGGAAGT 


2142 


ACTTCCTACCAATCCGC 


2143 


Haemophilia A 

Lys425Arg 

AAA-AGA 


GAAGTTATAAAAGTCAATATTTGAACAATGGCCCTCAGCGGAT 
TGGTAGGAAGTACAAAAAAGTCCGATTTATGGCATACACAGAT 
GAAACCTTTAAGACTCGTGAAGCTATTCAGCATGA 


2144 


TCATGCTGAATAGCTTCACGAGTCTTAAAGGTTTCATCTGTGT 
ATGCCATAAATCGGACI 1 1 1 1 1 GTACTTCCTACCAATCCGCTG 
AGGGCCATTGTTCAAATATTGACTTTTATAACTTC 


2145 


GTACAAAAAAGTCCGAT 


2146 


A1CGGACIII 1 1 IGIAC 


2147 


Haemophilia A 

Arg427Term 

cCGA-TGA 


TATAAAAGTCAATATTTGAACAATGGCCCTCAGCGGATTGGTA 
GGAAGTACAAAAAAGTCCGATTTATGGCATACACAGATGAAAC 
CTTTAAGACTCGTGAAGCTATTCAGCATGAATCAG 


2148 
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CTGATTCATGCTGAATAGCTTCACGAGTCTTAAAGGTTTCATC 
TGTGTATGCCATAMTCGGACTTTTTTGTACTTCCTACCMTC 
CGCTGAGGGCCATTGTTCAAATATTGACTTTTATA 




AAAAAGTCCGATTTATG 


£ I ou 


CATAAATCGGACI 1 1 n 


£ 10 1 


Haprnnnhilia A 

Tyr431Asn 
aTAC-AAC 


TATTTHA APA ATfif^PPPTP A^P/^O ATTOOT Ar»^ A aataoa a a 
immi uttMUHA 1 ooL/OLr I OAoLoliA 1 I bb 1 AoGAAGTACAAA 

AAAGTCCGATTTATGGCATACACAGATGAAACCTTTAAGACTC 
GTGAAGCTATTCAGCATGMTCAGGAATCTTGGGAC 


2152 


GTCCCAAGATTCCTGATTCATGCTGMTAGCTTCArGAaTrTT 

AMGGTnCATCTGTGTATGCCATAMTCGGACTTTTTTGTAC 

TTCCTACCAATCCGCTGAGGGCCATTGTTCAAATA 


c 100 


TTATGGCATACACAGAT 


L I0*t 


ATCTGTGTATGCCATAA 


915* 


Hapmnnhilia A 

Thr435lle 
ACC-ATC 


ftPPPTP A^P^^S ATTfirSTAfV* A Ar k TAP A A A A AA^TP^A 1 I I a 

vjva^l» I Vu»moL»vjvdA 1 1 ov3 1 AooAAo 1 AUAAAAAAGTCCGAl 1 IA 
TGGCATACACAGATGAAACCTTTAAGACTCGTGAAGCTATTCA 
GCATGAATCAGGAATCTTGGGACCTTTACTTTATGG 


2156 


CCATAAAGTAAAGGTCCCAAGATTCrTftATTrATRrTfiAATAri 

CTTCACGAGTCTTAAAGGTTTCATCTGTGTATGCCATAAATCG 
GACTTTTTTGTACTTCCTACCAATCCGCTGAGGGC 




AGATGAAACCTTTAAGA 


01 *Q 


TCTTAAAGGTTTCATCT 


01 CO 


Hapmnnhilia A ! 

1 laCl > lUpi ttlld Hi 

Pro451Leu 
CCT-CTT 


A P A P A ATf* AAA f^PTTT A APAPT/^PT/^A a^tatt^aaaat^* 

MuAOAvjAlbAAAUUI 1 1 AAbALICGTGMGCTATTCAGCATGA 

ATCAGGMtCTTGGGACCTTTACTTTATGGGGAAGTTGGAGA 

CACACTGTTGGTAAGTTGAAGAAAAGA7TTAAGGTC 


2160 


GACCTTAMTCTTTTCTTCAACTTACCAACAGTGTGTPTPPAA 

CTTCCCCATAAAGTAAAGGTCCCAAGATTCCTGATTCATGCTG 

AATAGCTTCACGAGTCTTAAAGGTTTCATCTGTGT 


91fi1 


CTTGGGACCTTTACTTT 


91fi9 


AAAGTAAAGGTCCCAAG 


91 fV* 
Z 1 00 


Haernoohilia A 

i ■ wwi i \\jkjt una n 

Pro451Thr 
aCCT-ACT 


TAPAPAftATftAAAPPTTTAA^APTPPTPA AOPTATTrAPPATp 

MTCAGGMTCTTGGGACCTTTACTTTATGGGGAAGTTGGAGA 
CACACTGTTGGTAAGTTGAAGAAAAGATTTAAGGT 


2164 


ACCTTAAATCTTTTCTTCAACTTACCAACAGTGTGTCTCCAACT 
TCCCCATAAAGTAAAGGTCCCAAGATTCCTGATTCATGCTGAA 
TAGCTTCACGAGTCTTAAAGGTTTCATCTGTGTA 


2165 


TCTTGGGACCTTTACTT 


2166 


AAGT AAAGGTCCCAAGA 


2167 


Haemophilia A 

Gly455Arg 

tGGG-AGG 


ACCTTTAAGACTCGTGAAGCTATTCAGCATGMTCAGGAATCT 
TGGGACCTTTACTTTATGGGGAAGTTGGAGACACACTGTTGG 
TMGTTGMGAAAAGATTTAAGGTCAGGTAAGAAGA 


2168 
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TCTTCTTACCTGACCTTAAATCTTTTCTTCAACTTACCAACAGT 
b 1 b 1 0 1 1 1 UOOCATAAAGTAMGbTCCCMGATTCCTG 
ATTCATGCTGAATAGCTTCACGAGTCTTAAAGGT 


2169 


TACTTTATGGGGAAGTT 


2170 


AACTTCCCCATAAAGTA 


2171 


Haemophilia A 

Gly455Glu 

GGG-GAG 


CCTTTAAGACTCGTGAAGCTATTCAGCATGAATCAGGAATCTT 
GGGACCTTTACTTTATGGGGAAGTTGGAGACACACTGTTGGT 
AAGTTGAAGAAAAGATTTAAGGTCAGGTAAGAAGAA 


2172 


TTCTTCTTACCTGACCTTAAATCTTTTCTTCAACTTACCAACAG 
1 b 1 b 1 L 1 LOMC 1 TOCCCATAAAGTAAAGGTCCCAAGATTCCT 
GATTCATGCTGAATAGCTTCACGAGTCTTAAAGG 


2173 


ACTTTATGGGGAAGTTG 


2174 


CAACTTCCCCATAAAGT 


2175 


Haemophilia A 

Asp459Asn 

aGAC-AAC 


CGTGAAGCTATTCAGCATGAATCAGGAATCTTGGGACCTTTAC 

TTTATGGGGAAGTTGGAGACACACTGTTGGTAAGTTGAAGAA 

AAGATTTAAGGTCAGGTAAGAAGAAAAAGTCTGGAG 


2176 


CTCCAGACTTTTTCTTCT I'ACCl GACC 1 IAAAICI 1 1 ICI ICAA 
\j I 1 ALuAACAGTGTGTCTCCAACTTCCCCATAAAGTAAAGGTC 
CCAAGATTCCTGATTCATGCTGAATAGCTTCACG 


2177 


AAGTTGGAGACACACTG 


2178 


CAGTGTGTCTCCAACTT 


2179 


Haemophilia A 

Phe465Cys 

TTT-TGT 


TGTTGATCCTAGTCGTTTTAGGATTTGATCTTAGATCTCGCTTA 
TACTTTCAGATTATATTTAAGAATCAAGCAAGCAGACCATATAA 
CATCTACCCTCACGGAATCACTGATGTCCGTCC 


2180 


GGACGGACATCAGTGATTCCGTGAGGGTAGATGTTATATGGT 

^TPATT/^PTTP ATTOTT A A ATATA ATY"V*i-^> AAA /"%T AT A A A /"> 

ClbCTTGCTTGATTCTTAAATATAATCTGAAAGTATAAGCGAG 
ATCTAAGATCAAATCCTAAAACGACTAGGATCAACA 


2181 


GATTATATTTAAGAATC 


2182 


GATTCTTAAATATAATC 


2183 


Haemophilia A 

Ala469Gly 

GCA-GGA 


TCGTTTTAGGATTTGATCTTAGATCTCGCTTATACTTTCAGATT 
ATATTTAAGAATCAAGCAAGCAGACCATATAACATCTACCCTC 
ACGGAATCACTGATGTCCGTCCTTTGTATTCAAG 


2184 


CTTGAATACAAAGGACGGACATCAGTGATTCCGTGAGGGTAG 

AT^TTATAT^^TPT^OTTftPTT^ ATT^TTA A ATATA ATPTf*A A A 

GTATAAGCGAGATCTAAGATCAAATCCTAAAACGA 


2185 


GAATCAAGCAAGCAGAC 


2186 


GTCTGCTTGCTTGATTC 


2187 


Haemophilia A 

Arg471Gly 

cAGA-GGA 


TTAGGATTTGATCTTAGATCTCGCTTATACTTTCAGATTATATT 
TAAGAATCAAGCAAGCAGACCATATAACATCTACCCTCACGG 
AATCACTGATGTCCGTCCTTTGTATTCAAGGAGAT 


2188 
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ATCTCCTTGAATACAAAGGACGGACATCAGTGATTCCGTGAG 

flfcT A fit ATP.TT A T ATP PTOTPPTTPPTTP A TTPTT A a at at a at^ 

vjVjIAoAlbl lAIAIbblOTbUI Ibt/IT GATTCTTAAATATMTC 
TGAAAGTATAAGCGAGATCTAAGATCAAATCCTAA 


2189 


AAGPAAGPAGAPPATAT 




ATATGGTCTGCTTGCTT 


2191 


Haemophilia A 

Tyr473Cys 

TAT-TGT 


TTGATCTTAGATCTCGCTTATACTTTCAGATTATATTTAAGAAT 
OAA^l/AAbl/AbAt/LA 1 A 1 AAOA 1 1/ 1 AUCG TCACGGAATCACT 
GATGTCCGTCCTTTGTATTCAAGGAGATTACCAAA 


2192 


TTTGGTMTCTCCTTGAATACAAAGGACGGACATCAGTGATTC 
Oo 1 oAbbo 1 AbAl bTTATATbGTCTGC M GC M GA M 
TATAATCTGAAAGTATAAGCGAGATCTAAGATCAA 


2193 


PAGAPPATATAAPATPT 




AGATGTTATATGGTCTG 


2195 


Haemophilia A 

Tyr473His 

aTAT-CAT 


TTTGATCTTAGATCTCGCTTATACTnCAGATTATATTTAAGAA 

TO A A A A PP A PAA/^ATATA A P ATPT A ^AATO A /*\A A a at/\ a at 

lLAAbCAAGCAGACCATATAACATCTACCCTCACGGAATCACT 
GATGTCCGTCCTTTGTATTCAAGGAGATTACCAA 


2196 


TTGGTAATCTCCTTGAATACAAAGGACGGACATCAGTGATTCC 

PTPAP^OTAOAT/^1 I 1 A t 1 T A AT AT A ATT A /\T^/> a v '1 ^%t^^ a * a 

GTGAGGGTAGATGTTATATGGTCTGCTTGCTTGATTCTTAAAT 
ATAATCTGAAAGTATAAGCGAGATCTAAGATCAAA 


2197 


P.P A f2 A PP AT AT A A P ATP 
OuAVjAvO AJA 1 AALr A 1 U 


2198 


GATGTTATATGGTCTGC 


2199 


Haemophilia A 

He475Thr 

ATC-ACC 


TTAGATCTCGCTTATACTTTCAGATTATATTTAAGAATCAAGCA 

Afi^A^A^^ATATA A/^ATrTA^AT^AAOOA AT/^AATAATATAA 

Au wVjAULA 1 A 1 AAUATU 1 AIA.CTLACGGMTCACTGATGTCC 
GTCCTTTGTATTCAAGGAGATTACCAAAAGGTAA 


2200 


TTACCTTTTGGTAATCTCCTTGAATACAAAGGACGGACATCAG 

TP ATTPPPTP A POT APA TPTT ATA T O atat a ATT a A-i—r a a tt 

IoAI lUooloAbbblAbAiol 1 AT ATbGTCTGCTTGCTTGATT 
CTTAAATATAATCTGAAAGTATAAGCGAGATCTAA 


2201 


ATATAAPATPTAPPPTP 


Levi 


GAGGGTAGATGTTATAT 


2203 


Haemophilia A 

Gly479Arg 

cGGA-AGA 


nATACTrTCAGAnATATTTAAGAATCAAGCAAGCAGACCATA 

TAAPATPTAPPPTPAPf5P.AATPAPT/^ATC:TPPPTPPTTTPTAT 

TCAAGGAGATTACCAAAAGGTAAATATTCCCTCG 


2204 


CGAGGGMTATnACCTTTTGGTAATCTCCTTGAATACAAAGG 
ACGGACATCAGTGATTCCGTGAGGGTAGATGTTATATGGTCT 
GCTTGCTTGATTCTTAAATATAATCTGAAAGTATAA 


2205 


ACCCTCACGGAATCACT 


2206 


AGTGATTCCGTGAGGGT 


2207 


Haemophilia A 

Thr522Ser 

aACT-TCT 


CCAATTCTGCCAGGAGAAATATTCAAATATAAATGGACAGTGA 
CTGTAGAAGATGGGCCAACTAAATCAGATCCTCGGTGCCTGA 
CCCGCTATTACTCTAGTTTCGTTMTATGGAGAGAG 


2208 



WO 01/73002 



PCT/US01/09761 

-171- 







'•>:'.< :>5?>:-:<-':>>v: 

SEQ ID 

NO: 




;: , Cording Oligos ./ ,/ 




CTCTCTCCATATTAACGAAACTAGAGTAATAGCGGGTCAGGC 

A PPfi A CZfc ATPTt^ ATTT A r^TTPf^PPP ATPTTPT A P A PTP A PTPT 

CCATTTATATTTGAATATTTCTCCTGGCAGAATTGG 


2209 




ATGGGCCAACTAAATCA 


2210 




TGATTTAGTTGGCCCAT 


2211 


Haemophilia A 

Asp525Asn 

aGAT-AAT 


CCAGGAGAAATATTCAAATATAAATGGACAGTGACTGTAGAAG 
ATGGGCCAACTAAATCAGATCCTCGGTGCCTGACCCGCTATT 
ACTCTAGTTTCGTTAATATGGAGAGAGATCTAGCTT 


2212 




AAGCTAGATCTCTCTCCATATTAACGAAACTAGAGTAATAGCG 

w 1 GAGG W\lA<GAGGA 1 0 1 GA 1 1 1 AG 1 1 GGGGGA 1 0 1 1 0 TAC 

AGTCACTGTCCATTTATATTTGAATATTTCTCCTGG 


2213 




CTAAATCAGATCCTCGG 


2214 




CCGAGGATCTGATTTAG 


2215 


Haemophilia A 

Arg527Trp 

tCGG-TGG 


GAAATATTCAAATATAAATGGACAGTGACTGTAGAAGATGGGC 

CAACTAAATCAGATCCTCGGTGCCTGACCCGCTATTACTCTA 

GTTTCGTTAATATGGAGAGAGATCTAGCTFCAGGAC 


2216 




GTCCTGAAGCTAGATCTCTCTCCATA7TAACGAAACTAGAGTA 
AiAGGGGGTCAGGCAGCGAGGATCTGAl 1 1 AGTTGGCCC ATC 
TTCTACAGTCACTGTCCATTTATATTTGAATATTTC 


2217 




CAGATCCTCGGTGCCTG 


2218 




CAGGCACCGAGGATCTG 


2219 


Haemophilia A 

Arg531Cys 

cCGC-TGC 


TATAAATGGACAGTGACTGTAGAAGATGGGCCAACTAAATCA 

GATCCTCGGTGCCTGACCCGCTATTACTCTAGT7TCGTTAATA 

TGGAGAGAGATCTAGCTTCAGGACTCATTGGCCCTC 


2220 




GAGGGCCAATGAGTCCTGAAGCTAGATCTCTCTCCATATTAA 
UGAAAL. 1 AGAG 1 AA 1 AGGGGG 1 OAGGGAGGGAGGA 1 G 1 GATI 
TAG7TGGCCCATCTTCTACAGTCACTGTCCATTTATA 


2221 




GCCTGACCCGCTATTAC 


2222 




GTAATAGCGGGTCAGGC 


2223 


Haemophilia A 

Arg531Gly 

cCGC-GGC 


TATAAATGGACAGTGACTGTAGAAGATGGGCCAACTAAATCA 

GATCCTCGGTGCCTGACCCGCTATTACTCTAGTTTCGTTAATA 

TGGAGAGAGATCTAGCTTCAGGACTCATTGGCCCTC 


2224 




GAGGGCCAATGAGTCCTGAAGCTAGATCTCTCTCCATATTAA 

A APTAr^Af^TA ATAf^OPr^Tf* AOff^ APr^Af^/^ATOT^ ATT 

GGAAAG 1 AGAG 1 AA 1 AGGGGG 1 GAGGGAGGGAGGA 1 G 1 GA 1 1 

TAGTTGGCCCATCTTCTACAGTCACTGTCCATTTATA 


2225 




GCCTGACCCGCTATTAC 


2226 




GTAATAGCGGGTCAGGC 


2227 


Haemophilia A 

Arg531His 

CGC-CAC 


ATAAATGGACAGTGACTGTAGAAGATGGGCCAACTAAATCAG 
ATCCTCGGTGCCTGACCCGCTATTACTCTAGTTTCGTTAATAT 
GGAGAGAGATCTAGCTTCAGGACTCATTGGCCCTCT 


2228 



WO 01/73002 



-172- 



PCT/US01/09761 



CffnicalPhenotypei 


; ; Correcting Oligos , - n .- 


1 

SEQID 
NO: 




AGAGGGCCAATGAGTCCTGAAGCTAGATCTCTCTCCATATTAA 
CGAAACTAGAGTAATAGCGGGTCAGGCACCGAGGATCTGATT 
TAGTTGGCCCATCTTCTACAGTCACTGTCCAT1TAT 


999Q 


CCTGACCCGCTATTACT 


//oil 


AGTAATAGCGGGTCAGG 


9911 


Hapmnnhifia A 

1 IQwl I iuui una ^ 

Ser534Pro 
cTCT-CCT 


APAfTlY^ APTfTTAf^AAPATPPPPPA APTA A ATr* a ATr*r*-rr*n>r* 

mumo 1 oMLr 1 o 1 AoAAoA 1 booOlAAl 1 AAATCAGATCCTCGG 
TGCCTGACCCGCTATTACTCTAGTTTCGTTAATATGGAGAGAG 
ATCTAGCTTCAGGACTCATTGGCCCTCTCCTCATCT 


2232 


AGATGAGGAGAGGGCCMTGAGTCCTGMGCTAGATrTfTPT 

CCATATTAACGAAACTAGAGTAATAGCGGGTCAGGCACCGAG 
GATCTGATTTAGTTGGCCCATCTTCTACAGTCACTGT 


9911 


GCTATTACTCTAGTTTC 


991A 

££.0't 


GAAACTAGAGTAATAGC 


9915 
£\£o0 


Haernonhilia A 

i iQui i wj^ji unci f\ 

Ser535Gly 
tAGT-GGT 


(TTnSAPTfiTAn A Aft ATftftftPP A APT A A ATP AP ATPPTPPOTr^ 

CTGACCCGCTATTACTCTAGTTTCGTTAATATGGAGAGAGATC 
TAGCTTCAGGACTCATTGGCCCTCTCCTCATCTGCT 


2236 


AGCAGATGAGGAGAGGGCCAATGAfiTPrTftAAfirTARATrTr 
TCTCCATATTAACGAAACTAGAGTAATAGCGGGTCAGGCACC i 
GAGGATCTGATTTAGTTGGCCCATCTTCTACAGTCAC 


9917 


ATTACTCTAGTTTCGTT 


£.£.60 


AACGAAACTAGAGTAAT 


091O 

zzoy 


Hapmnnhilia A 

Val537Asp 
GTT-GAT 


TAftA Aft ATftftftPPA APT A A ATP A O AT^TPOOTr»n^Tn a ^/•x/^ 

i AoAAoA \ ooooOAALr I AAA 1 LAbATUCTCGGTGCCTGACCC 
GCTAnACTCTAGTTTCGTTAATATGGAGAGAGATCTAGCTTC 
AGGACTCATTGGCCCTCTCCTCATCTGCTACAAAGA 


2240 


TC 1 1 1 UTAGCAGATGAGGAGAGGGCCMTGAGTPPTftAAftPT 
AGATCTCTCTCCATATTAACGAAACTAGAGTAATAGCGGGTCA 
GGCACCGAGGATCTGATTTAGTTGGCCCATCTTCTA | 


99A1 I 

££ e f I 


TAGTTTCGITMTATGG 


99A9 
££*t£ 


CCATATTAACGAAACTA 


99A1 


Haernonhilia A 

i iqwi i iwui una r\ 

Arg541Thr 
AGA-ACA 


P A APT A A ATP A ft ATP PTP ftftTPPPTP a P ppp pt a tt a pxpt a 

GTTTCGTTAATATGGAGAGAGATCTAGCTTCAGGACTCATTGG 
CCCTCTCCTCATCTGCTACAAAGAATCTGTAGATCA 


2244 


TGATCTACAGATTCTTTGTAGCAGATGAGGAGAGGGCCAATG 
AGTCCTGAAGCTAGATCTCTCTCCATATTAACGAAACTAGAGT 
AATAGCGGGTCAGGCACCGAGGATCTGATTTAGTTG 


2245 


TATGGAGAGAGATCTAG ~f 


2246 


CTAGATCTCTCTCCATA 


2247 


Haemophilia A 

Asp542Gly 

GAT-GGT 


CTAAATCAGATCCTCGGTGCCTGACCCGCTATTACTCTAGTTT 
CGTTAATATGGAGAGAGATCTAGCTTCAGGACTCATTGGCCC 
TCTCCTCATCTGCTACAAAGAATCTGTAGATCAAAG 


2248 



WO 01/73002 



-173- 



PCT/US01/09761 



u&nicaf pnenotype& 
: fetation 


• - ■ „ • 

' ■ ! ; Correcting Oligos '." ■ ; ' " " : 


SEQ ID, 

NO: 




CTTTGATCTACAGATTCTTTGTAGCAGATGAGGAGAGGGCCA 

ATft AftTPPTft A A ft PT A ft ATPTPTPTPP ATATT A A Pft AAA PT A P 

AGTMTAGCGGGTCAGGCACCGAGGATCTGATTTAG 


2249 


GGAGAGAGATCTAGCTT 


2250 


AAGCTAGATCTCTCTCC 


2251 


Haemophilia A 

Asp542HlS 

aGAT-CAT 


ACTAAATCAGATCCTCGGTGCCTGACCCGCTATTACTCTAGTT 

TCGTTAATATGGAGAGAGATCTAGCTTCAGGACTCATTGGCC 

CTCTCCTCATCTGCTACAAAGAATCTGTAGATCAAA 


2252 


TTTGATCTACAGATTCTTTGTAGCAGATGAGGAGAGGGCCAAT 

ft A ftTP PTft A A ft PT A ft ATPTOTPTO O AT A TT A A O O A A A OT A O A O 

UAU 1 1 oAAbO 1 AoA 1 U 1 U 1 U t UUA 1 A 1 1 AAUoAAAL 1 AbAb 

TAATAGCGGGTCAGGCACCGAGGATCTGATTTAGT 


2253 


TGGAGAGAGATCTAGCT 


2254 


AGCTAGATCTCTCTCCA 


2255 


Haemophilia A 

Aspo42Tyr 

aGAT-TAT 


ACTAAATCAGATCCTCGGTGCCTGACCCGCTATTACTCTAGTT 

TCGTTAATATGGAGAGAGATCTAGCTTCAGGACTCATTGGCC 

CTCTCCTCATCTGCTACAAAGAATCTGTAGATCAAA 


2256 


TTTGATCTACAGATTCTTTGTAGCAGATGAGGAGAGGGCCAAT 

f2Af2TAATY2A AAATAAATATATATAAATATTA AAAA A A ATA r> AO 

la Au IL. 0 1 <j AAwO 1 AvaA 1 U 1 L> 1 \j 1 Ut. A 1 A 1 1 AAUoAAAU 1 AoAG 

TAATAGCGGGTCAGGCACCGAGGATCTGATTTAGT 


2257 


TGGAGAGAGATCTAGCT 


2258 


AGCTAGATCTCTCTCCA ^ 


2259 


Haemophilia A 

Glu557Term 

aGAA-TAA 


GTTAATATGGAGAGAGATCTAGCTTCAGGACTCATTGGCCCT 

f\ m r f\ /NT" f\ A TATAAT A S% AAA A A A A >-> » m a A . _ 

CTCCTCATCTGCTACAAAGAATCTGTAGATCAAAGAGGAAACC 
AGGTGAGTTCTTGCCTTTCCAAGTGCTGGGTTTCAT 


2260 


ATGAAACCCAGCACTTGGAAAGGCAAGAACTCACCTGGTTTC 

OTOTTTO ATPT A P A P ATTP 1 1 1 PT A A O ATP A OO A O A r^C^f^C* 

U 1 L» 1 l 1 bA 1 L> 1 AuAoA 1 1 U 1 1 1 b 1 AoUAoA 1 bAbbAoAbboLr 

CAATGAGTCCTGAAGCTAGATCTCTCTCCATAnAAC 


2261 


GCTACAAAGAATCTGTA 


2262 


TACAGATTCTTTGTAGC 


2263 


Haemophilia A 

SeroooPne 

TCT-TTT 


ATATGGAGAGAGATCTAGCTTCAGGACTCATTGGCCCTCTCC 

A T"/ \ 1 ' ^\ ^\ 1 A /X AAA A A T"**^P^X^P A A AAA A AAA A A' l 

TCATCTGCTACAAAGAATCTGTAGATCAAAGAGGAAACCAGGT 
GAGTTCTTGCCTTTCCAAGTGCTGGGTTTCATTCTC 


2264 


GAGAATGAAACCCAGCACTTGGAAAGGCAAGAACTCACCTGG 

TTTPPTPTTTft ATPTAP Aft ATTPTTTftT Aft P A ft ATft A ftft Aft A ft 

GGCCAATGAGTCCTGAAGCTAGATCTCTCTCCATAT 


2265 


CAMGAATCTGTAGATC 


2266 


GATCTACAGATTCTTTG 


2267. 


Haemophilia A 

Val559Ala 

GTA-GCA 


TGGAGAGAGATCTAGCTTCAGGACTCATTGGCCCTCTCCTCA 
TCTGCTACAMGAATCTGTAGATCAAAGAGGAAACCAGGTGA 
GTTCTTGCCTTTCCAAGTGCTGGGTTTCATTCTCAGT 


2268 



WO 01/73002 



-174- 



PCT/US01/09761 





Correcting Ol.gos . . ; ; 


SEQID 

NO: 




ACTGAGAATGAAACCCAGCACTTGGAAAGGCAAGAACTCACC 
TGGTTTCCTCTTTGATCTACAGATTCT1TGTAGCAGATGAGGA 
GAGGGCCAATGAGTCCTGAAGCTAGATCTCTCTCCA 


2269 


AGAATCTGTAGATCAAA 


2270 


TTTGATCTACAGATTCT 


2271 



EXAMPLE 14 
Hemophilia - Factor IX Deficiency 

The attached table discloses the correcting oligonucleotide base sequences for the 
Factor IX oligonucleotides of the invention. 



Table 21 

Factor IX Mutations and Genome-Correcting Oliqos 





Correcting Oligos 


SHQID 
NO: 


Haemophilia B 

Asn2Asp 

tAAT-GAT 


ATTTCAGTm 1 (J r 1 UATCATGAAAACGCCAACAAAATTCTGAA 
TCGGCCAAAGAGGTATAATTCAGGTAAATTGGAAGAGTTTGTT 
CAAGGGAACCTTGAGAGAGAATGTATGGAAGAAA 


2272 


ITTCTTCCATACATTCTCTCTCAAGGTTCCCTTGAACAAACTCT 
TCCMTnACCTGAATTATACCTCTTTGGCCGATTCAGAATTTT 
GTTGGCGTTTTCATGATCAAGAAAAACTGAAAT 


2273 


AGAGGTATAATTCAGGT 


2274 


ACCTGAATTATACCTCT 


2275 


Haemophilia B 

Asn2lle 

AAT-ATT 


1 1 ICAGI II 1 ICTTGATCATGAAAACGCCAACAAAATTCTGAAT 

CGGCCAAAGAGGTATAATTCAGGTAAATTGGAAGAGTTTGTT 

CAAGGGAACCTTGAGAGAGAATGTATGGAAGAAAA 


2276 


1 1 TTCTrCCATACATTCTCTCTCAAGGTTCCCTTGAACAAACTC 
TTCCMTTTACCTGMTTATACCTCTTTGGCCGATTCAGAATTT 
TGTTGGCGI 1 1 1 CATGATCAAGAAAAACTGAAA 


2277 


GAGGTATAATTCAGGTA 


2278 


TACCTGAAFATACCTC 


2279 


Haemophilia B 

Asn2Tyr 

tAAT-TAT 


Al 1 ICAGI 1 1 1 1 CTTGATCATGAAAACGCCMCAAMTTCTGAA 
TCGGCCAAAGAGGTATAATTCAGGTAAATTGGAAGAGTTTGTT 
CAAGGGAACCTTGAGAGAGAATGTATGGAAGAAA 


2280 


TTTCTTCCATACATTCTCTCTCAAGGTTCCCTTGAACAAACTCT 
TCCMTTTACCTGMTTATACCTCTTTGGCCGATTCAGAATTTT 
GTTGGCGTnTCATGATCAAGAAAAACTGAAAT 


2281 



WO 01/73002 



-175- 



PCTAJS01/09761 



CMcalPhenotyTeT] - A N^nnni^. ' • 
Mutation Correcting Oligos 


NO: 




AGAGGTATAATTCAGGT 


2282 


ACCTGAATTATACCTCT 


2283 


Haemophilia B 

Ser3Pro 

tTCA-CCA 


ICAGI 1 1 1 1 C 1 TGATCATGAAAACGCCAACAAAATTCTGAATC 
GGCCAAAGAGGTATAATTCAGGTAAATTGGAAGAGTTTGTTCA 

ww v v/w»riw#»w w i » 1 1 *vi \ i i wrx^^w i nnn i i vunnvnv I i i w i I 

AGGGAACCTTGAGAGAGAATGTATGGAAGAAAAGT 


2284 


ACTTTTCTTCCATACAnCTCTCTCAAGGnCCCTTGAACAAAC 
TCTTCCAATTTACCTGAATTATACCTCTTTGGCCGA'TTCAGAA 
TTTTGTTGGCGI 1 1 1 CATGATCAAGAAAAACTGA 


2285 


GGTATAATTCAGGTAAA 


2286 


TTTACCTGAATTATACC 


2287 


Haemophilia B 

GIv4Asd 

GGT-GAT 


1 1 1 1 ICI IGArCATGAAAACGCCAACAAAATTCTGAATCGGCC 

AAAGAGGTATAATTCAG6TAAATTGGAAGAGTTTGTTCAAGGG 

AACCTTGAGAGAGAATGTATGGAAGAAAAGTGTAG 


2288 


CTACACTTTTCTTCCATACATTCTCTCTCAAGGTTCCCTTGAAC 
AMCTCTTCCAATTTACCTGAATTATArCTrTTTGGrrfiATTflA 

rw^w ivi i wunn I i I / I \Jr\r\ i ini r\\s\j I oi 1 1 vjvjwvun I I uh 

GAATTTTGTTGGCGTTTTCATGATCAAGAAAAA 


2289 


TAATTCAGGTAAATTGG 


2290 


CCAATTTACCTGAATTA 


2291 


Haemophilia B 

Gly4Ser 

aGGT-AGT 


GTTTTTCTTGATCATGAAMCGCCAACAAAATTCTGMTCGGC 
CAAAGAGGTATAATTnAGGTAAATTGRAARARTTTRTTrAAGft 

UnnnUnuU 1 r\ I r\n 1 1 unuw 1 nnn 1 1 uUnnunu 1 1 1 O lunnw 

GAACCTTGAGAGAGAATGTATGGAAGAAAAGTGTA 


2292 




TACACTnTCTTCCATACATTCTCTCTCAAGGTTCCCTTGAACA 

AACTCTTCCAATTTACCTGAATTATACCTCTTTGGCCGATTCA 

GAATTTTGTTGGCGTTTTCATGATCAAGAAAAAC 


2293 


ATAATTCAGGTAAATTG 


2294 


CAATTTACCTGAATTAT 


2295 


Haemophilia B 

LyboOiu 

tAAA-GAA 


1 □ CTI GA rCATGAAAACGCCAACAAAATTCTGAATCGGCCAA 

ARARAT ATAATTrAfifiTAAATTfifiAArtAftTTTrSTTrAAfifJ^AA 

MUMV30 1 M 1 MM 1 1 OMUO 1 Mrtn I 1 OOMMOMVJJ 1 1 1 0 1 1 OMMVJOOMM 

CCTTGAGAGAGAATGTATGGAAGAAAAGTGTAGTT 


2296 


AACIACACI 1 1 ICI ICCAIACAI ICICICICAAGGI ICCCI IGA 
ACAAACTCTTCCAATTTACCTGAATTATACCTCTTTGGCCGATT 
CAGAAI 1 1 IGI IGUCGI 1 1 1 CATGATCAAGAAA 


2297 


ATTCAGGTAAATTGGAA 


2298 


TTCCAATTTACCTGAAT 


2299 


Haemophilia B 

Glu7Ala 

GAA-GCA 


ATCATGAAAACGCCAACAAAATTCTGAATCGGCCAAAGAGGTA 
TAATTCAGGTAAATTGGAAGAGTTTGTTCAAGGGAACCTTGAG 
AGAGAATGTATGGAAGAAAAGTGTAGTTTTGAAGA 


2300 




TC7TCAAAACTACACTTTTCTTCCATACATTCTCTCTCAAGGTT 
CCCTTGAACAAACTCTTCCAATTTACCTGAATTATACCTCTTTG 
GCCGATTCAGAATTTTGTTGGCGTTTTCATGAT 


2301 



WO 01/73002 



-176- 



PCT/US01/09761 



Clinical Phenotype* 




SEQID 

NO: 




TAAATTGGAAGAGTTTG 




CAAACTCTTCCAATTTA 




Haemophilia 6 

Glu7Lys 

gGAA-AAA 


gatcatgaaaacgccaacaamttctgaatcggccaaAgAgg 
tataattcaggtaaattggaagagtttgttcaagggaaccttg 
agagagaatgtatggaagaaaagtgtagnttgaag 


2304 


CTTCAAAACTACACTTTTCTTCCATACATTCTCTCTCAAGGTTC 
CCTTGAACAAACTCTTCCAATnrACCTGAATTATACCTCTTTGG 
CCGATTCAGAATTTTGTTGGCGTTTTCATGATC 


2305 


GTAAATTGGAAGAGTTT 


2306 


AAACTCTTCCAATTTAC 


2307 


Haemophilia B 

Glu7Val 

GAA-GTA 


TAATTCAGGTAAA7TGGAAGAGTTTGTTCAAGGGAACCTTGAG 
AGAGAATGTATGGAAGAAAAGTGTAGTTTTGMGA 




TCTTCAAAACTACACTTTTCTTCCATACATTCTCTCTCAAGGTT 
CCCTTGMCAMCTCTTCCMTTTACCTGAATTATACCTCTTTG 
GCCGAnCAGMTTTTGTTGGCGTTTTCATGAT 


230Q 


TAAATTGGAAGAGTTTG 


1 u 


CAAACTCTTCCAATTTA 


9311 

CO I 1 


Haemophilia B 

Glu8Ala 

GAG-GCG 


ATGAAAACGCCAACAAAATTCTGAATCGGCCAAAGAGGTATAA 

TTCAGGTAAATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAG 

AGAATGTATGGAAGAAMGTGTAGTTTTGAAGAAGC 




GCTTCTTCAAAACTACACTTTTCTTCCATACATTCTCTrTrAAft 
GTTCCCTTGAACAAACTCTTCCAATn'ACCTGAATTATACCTCT 
TTGGCCGATTCAGAA7TTTG7TGGCG 1 ff ICAT 




ATTGGAAGAGTTTGTTC 


9314 


GAACAAACTCTTCCAAT 


931*; 


Haemophilia B 

Glu8Gly 

GAG-GGG 


ATGAAAACGCCAACAAAATtCTGAAtCGGCCAAAGAGGTATAA 

TTCAGGTAAATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAG 

AGAATGTATGGAAGAAAAGTGTAGTTTTGAAGAAGC 


231 6 


GCTTCTTCAAAACTACACTTTTnTTnrATAr'ATTr'TrTrTrAA^ 

GTTCCCTTGAACAAACTCTTCCAATTTACCTGAATTATACCTCT 
TTGGCCGATTCAGAAI 1 1 1 GTTGGCGTTTTCAT 


9Q17 


ATTGGAAGAGTTTGTTC 


2318 


GAACAAACTCTTCCAAT 


2319 


Haemophilia B 

Phe9Cys 

TTT-TGT 


AAAACGCCAACAAAATTCTGAATCGGCCAAAGAGGTATAATTC 
AGGTAAATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGA 
ATGTATGGAAGAAAAGTGTAGTTTTGAAGAAGCACG 


2320 




CGTGCTTCnCAAMCTACACTTTTCTTCCATACATTCTCTCTC 

MGGnCCCTTGMCAAACTCTTCCAATTTACCTGAATTATAC 

CTCTTTGGCCGATTCAGMTTTTGTTGGCGTTTT 


2321 



WO 01/73002 



-177- 



PCT/US01/09761 



Clinical PhenotypeA 
Mutation * 


. Correcting Oligos 


SEQ1D 

NO: 




GGMGAGTTTGTTCAAG 


2322 


CTTGAACAAACTCTTCC 


2323 


Haemophilia B 

Phe9lle 

gTTT-ATT 


GAAAACGCCAACAAAATTCTGAATCGGCCAAAGAGGTATAATT 
CAGGTAAATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAG 
AATGTATGGAAGAAAAGTGTAGTTTTGAAGAAGCAC 


2324 


GTGCTTCnCAAMCTACACTTTTCTTCCATACATTCTCTCTCA 
AGGTTCCCTTGAACAAACTCTTCCAATTTACCTGAATTATACC 
TCTTTGGCCGATTCAGAATTTTGTTGGCGI I TIC 


2325 


TGGAAGAGTJTGTTCAA 


2326 


TTGAACAAACTCTTCCA 


2327 


Haemophilia B 

Arg(-1)Ser 

AGGt-AGC 


1 I ACAT irCAGTTTTl'CTTGATCATGAAAACGCCAACAAAATTC 
TGAATCGGCCAAAGAGGTATAATTCAGGTAAATTGGMGAGTT 
TGTTCAAGGGAACCTTGAGAGAGAATGTATGGAA 


2328 


TTCCATACATTCTCTCTCAAGGTTCCCTTGAACAAACTCTTCC 
MmACCTGMnATACCTCTTTGGCCGATTCAGAATTTTGTT 
GGCGI 1 1 ICATGATCAAGAAAAACTGAAATGTAA 


2329 j 


CCAAAGAGGTATAATTC 


2330 


GAATTATACCTCTTTGG 


2331 


Haemophilia B 

Arg(-1)Thr 

AGG-ACG 


TnACATnCAGTTTTTCTTGATCATGAAAACGCCAACAAAATT 
CTGAATCGGCCAAAGAGGTATAATTCAGGTAAATTGGAAGAG 
TTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGA 


2332 


TCCATACATTCTCTCTCAAGGTTCCCTTGAACAAACTCTTCCA 

ATTTACCTGMTTATACCTCTTTGGCCGATTCAGMTTTTGTTG 

GCGTTTTCATGATCAAGAAAAACTGAAATGTAAA 


2333 


GCCAMGAGGTATAATT 


2334 


AATTATACCTCTTTGGC 


2335 


Haemophilia B 

Lys(-2)Asn 

AAGa-AAT 


CI 1 1 IACAI 1 ICAGI 1 1 1 ICI rGATCATGAAAACGCCAACAAAA 
TTCTGAATCGGCCAAAGAGGTATAATTCAGGTAAATTGGAAGA 
GTTTGTTCAAGGGAACCTTGAGAGAGAATGTATG 


2336 


CATACATTCTCTCTCAAGGTTCCCTTGAACAAACTCTTCCAAT 
nACCTGMnATACCTCTTTGGCCGAnCAGAATTTTGTTGG 
CGI 1 1 1 CATGATCAAGAAAAACTGAAATGTAAAAG 


2337 


CGGCCAAAGAGGTATAA 


2338 


TTATACCTCTTTGGCCG 


2339 


Haemophilia B 

Arg(-4)Gln 

CGG-CAG 


AAI lAl I'CI 1 1 lACAl 1 ICAGI 1 1 1 1 CTTGATCATGAAAACGCC 
AACAAAATTCTGAATCGGCCAAAGAGGTATAATTCAGGTAAAT 
TGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGA 


2340 


TCTCTCTCAAGGTTCCCTTGAACAAACTCTTCCAATTTACCTG 

MTrATACCTCTrTGGCCGATTCAGMTTTTGTTGGCGTTTTCA 

TGATCAAGAAAAACTGAAATGTAAAAGAATAATT 


2341 



WO 01/73002 



-178- 
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TCTGAATCGGCCAMGA^ ^'^'^ 


SEQfD 








TCTTTGGCCGATTCAGA 




Haemophilia B 

Arg(-4)Leu 

CGG-CTG 


AATTATTCI 1 1 IACAI 1 ICAGI 1 1 1 ICI 1 GATCATGAAAACGCC 
AACAAAATTCTGAATCGGCCAAAGAGGTATAATTCAGGTAAAT 
TGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGA 




TCTCTCTCAAGGTTCCCTTGAACAAACTCTTrrAATTTArrTR 

MnATACCTCTnGGCCGAnCAGMTTTTGTTGGCGTTTTCA 
TGATCAAGAAAAACTGAAATGTAAAAGAATAATT 




TCTGAATCGGCCAAAGA 


WAR 


TCTTTGGCCGATTCAGA 


07 A7 


HaemoDhilia R 

Arg(-4)Trp 

tCGG-TGG 


(4AAI IAI KM 1 1 1 APA 1 1 IPAIJM 11 I if X TT^ATP ATP A A A APPf 1 

CAACAAAATTCTGAATCGGCCAAAGAGGTATAATTCAGGTAAA 
TTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAG 


^348 


CTCTCTCAAGGTTCCCTTRAArAAArTrTTPrAATTTArrTriA 

ATTATACCTCTTTGGCCGATTCAGAATTTTGTTGGCGTnTCAT 
GATCAAGAAAAACTGAAATGTAAAAGAATAATTC 




TTCTGAATCGGCCAAAG 


COOK) 


CTTTGGCCGATTCAGAA 


C.00 I 


Haemophilia B 

Gln11Term 

tCAA-TAA 


GCCAACAAAATTCTGAATCGncrAAAfiAnRTATAATTrAnriTA 

AATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTAT 
GGAAGAAAAGTGTAGI 1 1 1 GAAGAAGCACGAGAAG 




Cl rCTCGTGCTTCTTCAAAArTArArTTTTrTTPrATAr ATTPT 

CTCTCAAGGTTCCCTTGAACAAACTCTTCCAATTTACCTGAAT 
TATACCTCTTTGGCCGATTCAGAATTTTGTTGGC 


930 


AGTTTGTTCAAGGGAAC 


975A 


GTTCCCTTGAACAAACT 1 




Haemophilia B 

Gly12Ala 

GGG-GCG 


ACAAAATTCTGAATCGGCCAAAGAGGTATAATTCAGGTAAATT 
GGAAGAGTTTGTTCAAGfiGAACCTTGAGAGAGAATGTATGGA 
AGAAMGTGTAGTTTTGAAGAAGCACGAGAAGTTTT 


975R 


AAAACTTCTCRTftrTTPTTrAAAArTAPArTTTTPTTrPATArA 

TTCTCTCTCAAGGTTCCCTrGAACAAACTCTTCCAATTTACCT 
GAATTATACCTCTTTGGCCGATTCAGAATTTTGT 


loot 


TGTTCAAGGGAACCTTG 


4wJO 


CAAGGTTCCCTTGAACA 


2359 


Haemophilia B 

Gly12Arg 

aGGG-AGG 


AACAAAATTCTGAATCGGCCAAAGAGGTATAATTCAGGTAAAt 
TGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTATGG 
AAGAAAAGTGTAGTTTTGAAGAAGCACGAGAAGTTT 


2360 


AMCnCTCGTGCrrCTTCAAAACTACACTTTTCTTCCATACAT 
TCTCTCTCAAGGTTCCCTTGAACAAACTCTTCCAATTTACCTG 
AATTATACCTCTTTGGCCGATTCAGAATTTTGTT 


2361 
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CfinicalPhen6type& 
Mutation < 


; Coveting OSIgos ' ; ; 


SEQfp: 

NO: ' 




TTGTTCAAGGGAACCTT 


2362 


AAGGTTCCCTTGAACAA 


2363 


Haemophilia B 

Qy12Glu 

GGG-GAG 


acaaaattctgaatcggccaaagaggtataattcaggtaaatt 

GGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGA 
AGAAAAGTGTAGI 1 1 1 GAAGAAGCACGAGAAGTTTT 


2364 


AAMCTTCTCGTGCTTCnCAAMCTACACTTTTCTTCCATACA 

TTCTCTCTCAAGGTTCCCTTGAACAAACTCTTCCAATTTACCT 

GMTTATACCTCTTTGGCCGATTCAGAATTTTGT 


2365 


TGTTCAAGGGAACCTTG 


2366 


CAAGGTTCCCTTGAACA 


2367 


Haemophilia B 

Glu17Gln 

aGAA-CM 


CGGCCAAAGAGGTATAATTCAGGTAAATTGGAAGAGTTTGTTC 
AAGGGAACCTTGAGAGAGAATGTATGGAAGAAAAGTGTAGTT 
TTGAAGAAGCACGAGAAGI 1 1 1 1 GAAAACACTGAAA 


2368 


mCAGTGTTTTCAAAAACTTCTCGTGCTTCnCAAAACTACAC 
1 1 1 ICTTCCATACATTCTCTCTCAAGGTTCCCTTGAACAAACTC 
TTCCAATTTACCTGAATTATACCTCTTTGGCCG 


2369 


TTGAGAGAfiAATGTATG 


2370 


CATACATTCTCTCTCAA 


2371 


Haemophilia B 

Glu17Lys 

aGAA-AAA 


cggccaaagaggtataattcaggtaAattggaagAgtttGttc 
aagggaaccttgagagagaatgtatggaagaaaagtgtagtt 
ttgaagaagcacgagaag 1 1 1 1 1 gaaaacactgaaa 


2372 


TTTCAGTGTTTTCAAAAACTTCTCGTGCTTCTTCAAAACTACAC 
TTTTCTTCCATACATTCTCTCTCAAGGTTCCCTTGAACAMCTC 
TTCCAATTTACCTGAATTATACCTCTTTGGCCG 


2373 


TTGAGAGAGAATGTATG 


2374 


CATACATT£TCTCTCAA 


2375 


Haemophilia B 

Cys18Arg 

aTGT-CGT 


CCAAAGAGGTATAATTCAGGTAAATTGGAAGAGTTTGTTCAAG 

GGAACCTTGAGAGAGAATGTATGGAAGAAAAGTGTAGTTTTG 

MGMGCACGAGAAGTTTTTGAAAACACTGAAAGAA 


2376 


TTCTTTCAGTGTTTTCAAAAACTTCTCGTGCTTCTTCAAAACTA 
CACI 1 1 1 CTTCCATACATTCTCTCTCAAGGTTCCCTTGAACAA 
ACTCTTCCAATTTACCTGAATTATACCTCTTTGG 


2377 


AGAGAGAATGTATGGAA 


2378 


TTCCATACATTCTCTCT 


2379 


Haemophilia B 

Cys18Tyr 

TGT-TAT 


CAAAGAGGTATAATTCAGGTAAATTGGAAGAG 1 1 IGI ICAAGG 
GMCCTTGAGAGAGMTGTATGGAAGAAAAGTGTAGTTTTGAA 
GAAGCACGAGAAG 1 1 1 1 1 GAAAACACTGAAAGAAC 


2380 


GTTCTnCAGTGTTTTCAAAAACTTCTCGTGCTTCTTCAAAACT 
ACACI 1 1 1 CTTCCATACATTCTCTCTCAAGGTTCCCTTGAACAA 
ACTCTTCCAATTTACCTGAATTATACCTCTTTG 


2381 



WO 01/73002 
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CfinicatPhenotypeS 
Mutation 


| • • . - • 
[ Correcting Oiigos 


mm 




1 GAGAGAATGTATGGAAG 


OQQO 




CTTCCATACATTPTPTP 


zooo 


Haemophilia B 

Glu20Val 

GAA-GTA 


GGTATMTTCAGGTAAATTGGAAGAGTTTftTtPAAftftftAAPPT 

TGAGAGAGMTGTATGGAAGAAAAGTGTAGTTTTGAAGAAGC 
ACGAGAAGI 1 1 1 1 GAAAACACTGAAAGAAC AGTGAG 






AAMCTACACTTTTCTTCCATACATTCTCTCTCAAGGTTCCCTT 
GAACAAACTCTTCCAATTTACCTGAATTATACC 


2385 




ATGTATGGAAGAAAAGT 






APTTTTPTTPPATAPAT 


2Jo7 


Maomnnhilia R 
ndcl 1 lUJJIIIIId D 

Glu21Lys 
aGAA-AAA 


TATA AT"I PAPPTA A ATTP/^A APAP'I I TOTTPA a/"»/^o a a no'i'rn " 

1 A I AM 1 1 OAoo i AAA 1 1 ooAAviAo I 1 Fo ITLAAGGGAACCTTG 
AGAGAGAATGTATGGAAGAAAAGTGTAGTTTTGAAGAAGCAC 
GAGAAGI 1 1 1 1 GAAAACACTGAAAGAACAGTGAGTA 


2388 




TAPTPAPTftTTP 1 I 1 HLflTfc 1 1 T 1 P A A A A A PTTPTP PT/ r T k TTr»T 

i no i i o I I \j 1 I I V/Ao loilll OAAAAAO II u 1 L»o 1 oO 1 1 \j 1 

TCAAMCTACACTTTTCTTCCATACATTCTCTCTCAAGGTTCCC 
TTGAACAAACTCTTCCAATTTACCTGAATTATA 


2389 




GTATfift A A ft A A A AfTHTT 
O 1 A\ 1 OOMMOMAMMO 1 O 1 


2390 




APAP 1 1 1 1 PTTPPATAP 
nonO II 1 IUI 1 wL»A 1 AO 


2391 


Hapmonhilia R 

1 IQvl i iupi una u 

Cys23Arg 
gTGT-CGT 


TP Aft (TT A A ATTftft A A CZ A nTTTPTTP A A PPP A A rPTTP A p A p a 
l UAOO 1 /W\ 1 1 OO/VAOttO I I lol I L»AAoooAAuu 1 1 oAoAoA 

GAATGTATGGAAGAAAAGIGTAGTTTTGAAGAAGCACGAGAA 
GTTTTTGAAAACACTGAAAGAACAGTGAGTATTTCCA 


2392 




TfiftAAATAPTP APTfVTTPTTTP AftTPTTTTP A A A A A PTTPTP/^T 
I oorw\ I n\j I \jf\\j 1 O 1 1 U 1 1 1 Lr no 1 0 11 1 1 wAAAAAO 1 1 0 1 L»o 1 

GCTTCTTCAAMCTACACT1TTCTTCCATACATTCTCTCTCAAG 
GTTCCCTTGAACAAACTCTTCCAATTTACCTGA 


2393 




AAGAAAAGTGTAfi 1 1 1 1 

nnunnnn\jj_o l MO MM 


2394 




AAAAPTAPAP lilt PTT 

rWWj 1 nOrtO II M O II 


2395 


HaBmoDhilia B 

Cys23Tyr 

TGT-TAT 


CAGGTAAATTGGAARAftTTTftTTPAAftnftAAPPTTr^AnAriAP 

orvvjvj i rvnrv i i oorv^OrtO II 1 0 1 1 unnOuOnn\ju 1 1 oAoAoAo 

AATGTATGGAAGAAAAGTGTAGTTTTGAAGAAGCACGAGAAGT 
TTTTGAAAACACTGAAAGAACAGTGAGTATTTCCAC 


zoyb 




ftTftftAAATAPTPAPT^2TTP 1 1 1 PAPTP 1 1 1 1 PA A A A A /^ttoto 
o i ooammi AO 1 UALr 1 o 1 1 L» 1 1 1 UAo 1 o I 1 1 1 uAAAAAu 1 I0T0 j 

GTGCTTCTTCAAMCTACAC7TTTCTTCCATACATTCTCTCTCA 
AGGTTCCCTTGAACAAACTCTTCCAATTTACCTG 


2397 




AGAAAAGTGTAGTTTTG 






CAAAACTACACTTTTCT 


2399 


Haemophilia B 

Phe25Ser 

TTT-TCT 


AATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTAT 
GGMGAAMGTGTAGTTTTGMGMGCACGAGMGTTTTTGAA 
AACACTGAAAGAACAGTGAGTATTTCCACATAATA 


2400 




TAnATGTGGAMTACTCACTGnCTTTCAGTGTTTTCAAAAAC 
nCTCGTGCTTCnCAAMCTACACTTTTCTTCCATACATTCTC 
TCTCAAGGTTCCCTTGAACAAACTCTTCCAATT 


2401 



WO 01/73002 



-181- 



PCT/US01/09761 



mm*. 


■ - ■ , : Correcting Oitgos , ; 

- • - j 


SEQ ID 

NO: J 




GTGTAGTTTTGAAGAAG 


2402 


CTTCTTCAAAACTACAC 


2403 


Haemophilia B 

Glu26Gln 

tGAA-CAA 


TTGGAAGAGTTTGTTCMGGGAACCTTGAGAGAGAATGTATG 

GMGAAMGTGTAGTTnGAAGAAGCACGAGAAGTTTTTGAAA 

ACACTGAAAGAACAGTGAGTATTTCCACATAATACC 


2404 


GGTATrATGTGGAMTACTCACTGTTCTTTCAGTGTTTTCAAAA 
ACTrCTCGTGCTTCTTCAAAACTACAC 1 1 1 1 CTTCCATACATTC 
TCTCTCAAGGTTCCCTTGAACAAACTCTTCCAA 


2405 


GTAGTTTTGAAGAAGCA 


2406 


TGCTTCTTCAAAACTAC 


2407 


Haemophilia B 

Glu27Ala 

GAA-GCA 


AAGAGI 1 IGITCAAGGGAACCTTGAGAGAGAATGTATGGAAG 
AAMGTGTAGTTnGMGAAGCACGAGAAGTTTTTGAAAACAC 
TGAAAGAACAGTGAGTATTTCCACATAATACCCTTC 


24dB — 


GAAGGGTATTATGTGGAAATACTCACTGTTCTTTCAGTGTTTT 

CAAAAACTTCTCGTGCTTCTTCAAAACTACACTTTTCTTCCATA 

CATTCTCTCTCAAGGTTCCCTTGAACAAACTCTT 


2409 


TTTTGAAGAAGCACGAG 


2410 


CTCGTGCTTCTTCAAAA 


2411 


Haemophilia B 

Glu27Asp 

GAAg-GAC 


AGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGAAGA 
AAAGTGTAGTTTTGAAGAAGCACGAGAAGI 1 nTGAAAACACT 
GAAAGAACAGTGAGTATTTCCACATAATACCCTTCA 


2412 


TGAAGGGTATTATGTGGAAATACTCACTGTTCTTTCAGTGTTT 
TCAAAAACTTCTCGTGCTTCTrCAAAACTACACTTTTCTTCCAT 
ACATTCTCTCTCAAGGTTCCCTTGAACAMCTCT 


2413 


TTTGAAGAAGCACGAGA 


2414 


TCTCGTGCTTCTTCAAA 


2415 


Haemophilia B 

Glu27Lys 

aGAA-AAA 


GAAGAGTTTGTTCAAGGGAACCnGAGAGAGAATGTATGGAA 
GAAMGTGTAGTTTTGAAGAAGCACGAGAAGTTTTTGAAAACA 
CTGAAAGAACAGTGAGTATTTCCACATAATACCCTT 


2416 


MGGGTATTATGTGGAMTACTCACTGTTCTTTCAGTGTTTTC 
AAAAACTTCTCGTGCTTCTTCAAAACTACAC 1 1 1 ICTTCCATAC 
ATTCTCTCTCAAGGTTCCCTTGAACAAACTCTTC 


2417 


GTTTTGAAGAAGCACGA 


2418 


TCGTGCTTCTTCAAAAC 


241 g 


Haemophilia B 

Glu27Val 

GAA-GTA 


AAGAGnTGrrCAAGGGAACCTTGAGAGAGAAtGTATGGAAG 
AAAAGTGTAGTTTTGAAGAAGCACGAGAAG 1 1 1 1 IGAAAACAC 
TGAAAGAACAGTGAGTATTTCCACATAATACCCTTC 


2420 


GMGGGTATTATGTGGAAATACTCACTGTTCTTTCAGTGTTTT 

CAAAMCTTCTCGTGCTTCTTCAAAACTACACTTTTCTTCCATA 

CATTCTCTCTCAAGGTTCCC7TGAACAAACTCTT 


2421 



WO 01/73002 
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PCT/US01/09761 



Clinical Phenotyffll 


1 , ' 

Correcting Oligos , f> 


SEQfD 

NO: 




1 TTTTGAAGAAGPAPGAG 


2422 




CTCGTGCTTCTTPAAAA 


OA" 00 


HaemoDhilia B 

Arg29Gln 

CGA-CAA 


1 iGl ICAAGGGAAPPI i f4AftAf5AftAATflTATnfiAAr2AAAArT " 

GTAGTTTTGAAGAAGCACGAGAAG 1 1 1 1 1 GAAAACACTGAAAG 
AACAGTGAGTATTTCCACATAATACCCTTCAGATGC 






fiPATPTfiA Ar2fif2TATTATY2TCfi A A ATAPTP a r*Tr > TTr k TTTT k a r» 
Own 1 v i W\nOV3VJ 1 M 1 I M 1 o 1 bUnMM 1 AO 1 OAO 1 1 101 1 1 OAG 

TGI 1 1 ICAAAMCnCTCGTGCnCTTCAAAACTACACTTTTCT 
TCCATACATTCTCTCTCAAGGTTCCCTTGAACAA 


Ovior 

2425 




AGAAGPAPGAGAAGTTT 


OAOO 




AAAPTTPTCGTftPTTPT 


2427 


ndci iiupiinia d 

Arg29Pro 
CGA-CCA 


II \j \ 1 OAAi^GGAAOOTTGAGAGAGAATGTATGGAAGAAAAGT 

GTAGT1TTGMGMGCACGAGMGTTTTTGAAAACACTGAAAG 

AACAGTGAGTATTTCCACATAATACCCTTCAGATGC 


2428 




ftPATPTftA ACtGniTATTATfTrfcft A A ATA f^TH A PT/^TT/^TTT/^ A O 

TGTTnCAAAAACTTCTCGTGCTTCTTCAAAACTACACTTTTCT 
TCCATACATTCTCTCTCAAGGTTCCCTTGAACAA 


2429 




AH A Af5P APC A ft A A r^TTT 


2430 




AAAPTTPTP^TfiPTTPT 


2431 


HaemoDhilia B 

Arg29Term 

aCGA-TGA 


TTTftTTP A Afiftft A APPTTft A ft A ft Aft A ATftT ATPr* A A n A A aaOT 
i i i o i 1 Vyttrwjo wv\ULr i i omoAvjMvjMM 1 o 1 A 1 ooAAoAAAAVj 1 

GTAGTTTTGAAGAAGCACGAGAAG 1 1 1 1 1 GAAAACACTGAAAG 
AACAGTGAGTATTTCCACATAATACCCTTCAGATG 


2432 




P ATPTft A A ft ftftT ATT ATftTftft A A AT A PTP A ^T^TT^rrrr' a r*T 
umioi u/vMjuuIAI lAHjlubAAAIAOIOAOIGI 101 TTCAGT 

GTTTTCAAAMCnCTCGTGCnCTTCAAMCTACACTTTTCTT 

CCATACATTCTCTCTCAAGGTTCCCTTGAACAAA 


2433 




AAGAAGPACGAGAAftTT 


2434 




AAPTTPTPGTftPTTPTT 


2435 


Haemophilia B 

QitiOLys 

aGAA-AAA 


GTTCAAGGGAACCTTGAGAGAGAATGTATn^AArtAAAArTrT 
AGI 1 1 1 GAAGAAGCACGAGMGTTTTTGAAAACACTGAAAGAA 
CAGTGAGTATTTCCACATAATACCCTTCAGATGCAG 






PTftPATPTftAAftftftTATTATPTftr'A A AT A PTP A PT/^TTP 1 1 i 

o 1 oOnl O I oAAuoo 1 Al 1 Al o 1 boAAA 1 AO 1 OAOTGTTCTTTC 
AGTGTmCAAAAACnCTCGTGCnCTTCAAAACTACACTTTT 
CTTCCATACATTCTCTCTCAAGGTTCCCTTGMC 


2437 




AAGCACGAGAAGI 1 1 1 1 






AAAAACTTCTCGTGCTT 


2439 


Haemophilia B 

Glu30Term 

aGAA-TAA 


GTTCAAGGGAACCnGAGAGAGMTGTATGGAAGAAAAGTGT 
AGI 1 1 1 GMGMGCACGAGMGTTTTTGAAAACACTGAAAGAA 
CAGTGAGTATTTCCACATAATACCCTTCAGATGCAG 


2440 




CTGCATCTGAAGGGTATTATGTGGAAATACTCACTGTTCTTTC 
AGTGTTTTCAAAMCnCTCGTGCnCnCAAMCTACACTTTT 
CTTCCATACATTCTCTCTCAAGGTTCCCTTGAAC 


2441 
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Mutation 


' Con-ectinfl Oliqos j 


OCU IU : 

NO: 




AAGCACGAGAAGI 1 1 1 1 


2442 


AAAMCTTCTCGTGCTT 


2443 


Haemophilia B 
GAAa-GAC 


CCTTGAGAGAGAATGTATGGAAGAAAAGTGTAG 1 1 1 IGAAGAA 

OOAPOAOA APTTTTTPA A A hf^hi^Tf^h A A OA HOAPTOAATiTTT 

bOAObAbAAb 1 1 II 1 bAAAAbAL 1 bAAAGAAC AGTG AGTA 1 1 1 
CCACATAATACCCTTCAGATGCAGAGCATAGAATA 


2444 


TATTCTATGCTCTGCATCTGAAGGGTATTATGTGGAAATACTC 

A ^TOTT^TTTO A ^TPI 'I TT^ A AAA A ^TTATA/">TOATTATTA a a a 

ACTGTTCl 1 ICAGTGI IXlCAAAAACTTCTCGTGCTTCTTCAAA 
ACTACACTTTTCTrCCAfACATTCTCTCTCAAGG 


2445 


GTTTTTGAAAACACTGA 


2446 


TCAGTGTTTTCAAAMC 


2447 


Haemophilia B 

Glu33Term 

tGAA-TAA 


AACCTTGAGAGAGAATGTATGGAAGAAAAGTUIAGI 1 1 IGAAG 
AAGCACGAGAAGI 1 1 1 1 GAAAACACTGAAAGAACAGTGAGTAT 
TTCCACATAATACCCTTCAGATGCAGAGCATAGAA 


2446 


TTCTATGCTCTGCATCTGAAGGGTATTATGTGGAAATACTCAC 
TGnCTTTCAGTGTTrrCAAAAACTTCTCGTGCTTCTTCAAAAC 
TACACTTTTCTTCCATACATTCTCTCTCAAGGTT 


2449 


AAGTTTTTGAAAACACT n 


2450 ; 


AGTGTTTTCAAAAACTT 


2451 


Haemophilia B 

Trp42Term 

TGG-TAG 


CAAMCACTTTAGATATTACCGTTMTnGTCTTCTTTTATTCTT 

TATAGACTGMTTTTGGAAGCAGTATGTTGGTAAGCAATTCAT 

TTTATCCTCTAGCTAATATATGAAACATATGAG 


2452 


CTCATATGTTTCATATATTAGCTAGAGGATAAAATGAATTGCTT 

ACCAACATACTGCTTC£AAAATTCAGTCTATAAAGAATAAMG 

AAGACAAATTAACGGTAATATCTAAAGTGTTTTG 


2453 


TGAATTTTGGAAGCAGT 


2454 


ACTGCTTCCAAAATTCA 


2455 


Haemophilia B 

LyS4oolU 

gAAG-GAG 


AAACACI 1 IAGATATTACCGTIAAI 1 1 G I'C H CTTTTATTCTTTA 
lAbAUIbAAl 11 IbbAAbCAGTATGTTGGTAAGCAATTCAl 1 1 
TATCCTCTAGCTAATATATGAAACATATGAGAA 


2456 


TTCTCATATGTTTCATATATTAGCTAGAGGATAAAATGAATTGC 
TTACCAACATACTGCTTCCAAAATTCAGTCTATAAAGAATAAM 
GAAGACAAATTAACGGTAATATCTAAAGTGTTT 


2457 


AATTTTGGAAGCAGTAT 


2458 


ATACTGCTTCCAAAATT 


2459 


Haemophilia B 

Gln44Term 

gCAG-TAG 


UAUI 1 1 AGA 1 ATTACCGTTMTTTGTCTTCTI 1 lAl ICI 1 IAIAG 
ACTGMTTTTGGAAGCAGTATGTTGGTAAGCAATTCATTTTATC 
CTCTAGCTAATATATGAAACATATGAGAA7TA 


2460 


TAATTCTCATATGTTTCATATATTAGCTAGAGGATAAAATGAAT 

TGCTTACCAACATACTGCTTCCAAAATTCAGTCTATAAAGAATA 

AAAGAAGACAAATTAACGGTAATATCTAAAGTG 


2461 
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CoiTectinQOlioos ; j SECU0 

< 9 s 1 NO: . 




TTTGGAAGCAGTATGTT 


1 2462 


AACATACTGCTTCCAAA 


[ 2463 


Haemophilia B 

Asp49Gly 

GAT-GGT 


CCGGGCATTC 1 AAGCAG 1 1 1 ACGTGCCAAT1 CAA II 1 CTTAAC 
CTATCTCAAAGATGGAGATCAGTGTGAGTCCAATCCATGTTTA 
AATGGCGGCAGTTGCAAGGATGACATTAATTCCTA 


2464 


TAGGAATTAATGTCATCCTTGCAACTGCCGCCATTTAAACATG 
GATTGGACTCACACTGAICTCCATCTTTGAGATAGGTTAAGAA 


2465 


AGATGGAGATCAGTGTG 


2466 


CACACTGATCTCCATCT 


2467 


Haemophilia B 

Gln50His 

CAGt-CAC 


gcattctmgcagtttacgtgccaattcaatttcttaaCctatc 
tcamgatggagatcagtgtgagtccaatccatgtttaaatgg 
cggcagttgcaaggatgacattaattcctatgaa 


2468 


ttcataggaattaatgtcatccttgcaactgccgccatttaaa 
catggattggactcacactgatctccatctttgagataggtta 

Af5 A A ATTY2 A ATTY2P>P A PPT A A APTPPTT A P A AT^f> 


2469 


GGAGATCAGTGTGAGTC 


2470 


GACTCACACTGATCTCC 


2471 


Haemophilia B 

Gln50Pro 

CAG-CCG 


GGCAnCTMGCAGTTTACGTGCCAATTCMTTTCTTMCCTA 
TCTCAAAGATGGAGATCAGTGTGAGTCCAATCCATGTTTAAAT 
GGCGGCAGTTGCAAGGATGACATTAATTCCTATGA 


2472 


TCATAGGAATTAATGTCATCCTTGCAACTGCCGCCATTTAAAC 
ATGGATTGGACTCACACIGATCTCCATCTTTGAGATAGGTTAA 

ft AAATTftA ATTftftPAPf^TA A A PTPPTT A P A ATO/^P 


2473 


TGGAGATCAGTGTGAGT • 


2474 


ACTCACACTGATCTCCA 


2475 


Haemophilia B 

Gln50Term 

tCAG-TAG 


GGGCATTCTAAGCAGTTTACGTGCCAATTCAATTTCTTAACCT 
ATCTCAAAGATGGAGATCAGTGTGAGTCCAATCCATGTTTAAA 
TGGCGGCAGTTGCAAGGATGACATTAATTCCTATG 


2476 


CATAGGAATTAATGTCATCCTTGCAACTGCCGCCAnTAAACA 
TGGATTGGACTCACACTGATCTCCATCTTTGAGATAGGTTAAG 
AAATTGAATTGGCACGTAAACTGCTTAGAATGCCC 


2477 


ATGGAGATCAGTGTGAG 


2478 


CTCACACTGATCTCCAT 


2479 


Haemophilia B 

Cys51Arg 

gTGT-CGT 


CATTCTAAGCAG 1 1 IACGIGCCAAI ICAAI 1 /CI IAACCTATCT 

.CAAAGATGGAGATCAGTGTGAGTCCAATCCATGTTTAAATGG 

CGGCAGTTGCAAGGATGACATTAATTCCTATGAAT 


2480 


ATTCATAGGAATTAATGTCATCCTTGCAACTGCCGCCATTTAA 

ACATGGATTGGACTCACACTGATCTCCATCTTTGAGATAGGTT 

AAGAAATTGAATTGGCACGTAAACTGCTTAGAATG 


2481 
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Mutation ; : 
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, _ Correcting OJigos 
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GAGATCAGTGTGAGTCC 


2482 


GGACTCACACTGATCTC 


2483 


Haemophilia B 
oysoi oer 
gTGT-AGT 


cattctaagcagtttacgtgccAatTcaatttcttaacctatct 

wamgatbt^gatcagtgtgagtccmtccatgtttaaatgg 
CGGCAGTTGCAAGGATGACATTAATTCCTATGAAT 


2484 


ATTCATAGGAATTAATGTCATCCTTGCAACTGCCGCCATTTAA 

ACATGGATTGGACTCACACTGATCTCCATCTTTGAGATAGGTT 

AAGAAATTGAATTGGCACGTAAACTGCTTAGAATG 


2485 


GAGATCAGTCTGAGTCC 


2486 


GGACTCACACTGATCTC 


2487 


Haemophilia B 

Cys51Trp 

TGTg-TGG 


TTCTAAGCAG 1 1 IACGI GCCAA 1 ICAAI 1 1 CTTAACCTATCTCA 

AAGATGGAGATCAGTGTGAGTCCAATCCATGTTTAAATGGCG 

GCAGTTGCAAGGATGACATTAATTCCTATGAATGT 


2488 


ACATTCATAGGAATTAATGTCATCCTTGCAACTGCCGCCATTT 

AAACATGGATTGGACTCACACTGATCTCCATCTTTGAGATAGG 

TTAAGAAATTGAATTGGCACGTAAACTGCTTAGAA 


2489 


GATCAGTGIGAGTCCAA 


2490 


TTGGACTCACACTGATC 


2491 


Haemophilia B 

Glu52Term 

tGAG-TAG 


TCTMGCAGTTTACGTGCCAATTCAATTTCTTAACCTATCTCAA 

AGATGGAGATCAGTGTGAGTCCAATCCATGTTTAAATGGCGG 

CAGTTGCAAGGATGACATTAATTCCTATGAATGTT 


2492 


AACATTCATAGGAATTAATGTCATCCTTGCAACTGCCGCCATT 
TAAACATGGATTGGACTCACACTGATCTCCATCTTTGAGATAG 
GTTAAGAAATTGAATTGGCACGTAAACTGCTTAGA 


2493 


ATCAGTGTGAGTCCAAT 


2494 


ATTGGACTCACACTGAT 


2495 


Haemophilia B 

ProooAla 

tCCA-GCA 


1 1 iaCgiGccaattcaatttcttaacctatctcaaagatggag 

ATCAGTGTGAGTCCAATCCATGTTTAAATGGCGGCAGTTGCA 
AGGATGACATTAATTCCTATGAATGTTGGTGTCCCT 


2496 


AGGGACACCAACATTCATAGGAATTAATGTCATCCTTGCAACT 
GCCGCCATTTAAACATGGATTGGACTCACACTGATCTCCATCT 
TTGAGATAGGTTAAGAAATTGAATTGGCACGTAAA 


2497 


AGTCCAATCCATGTTTA 


2498 


TAAACATGGATTGGACT 


2499 


Haemophilia B 

Pro55Arg 

CCA-CGA 


ttacgtgccaattcaatttcttaaCctATctcaaagatggaga 
tcagtgtgagtccaatccatgtttaaatggcggcagttgcaa 
ggatgacattaattcctatgaatgttggtgtccctt 


2500 


aagggacaccaacattcataggaattaatgtcatccttgcaac 
tgccgccatttaaacatggattggactcacactgatctccatc 
tttgagataggttaagaaattgaattggcacgtaa 


2501 



WO 01/73002 



PCT/US01/09761 

-186- 





CTC^ATC^ATG^M^ ^ ^ ^ ^ 


SEQID 
NO: 








TTAAACATGGATTGGAC 


95fH 


Haemophilia B 

Pro55Gln 

CCA-CAA 


TTACGTGCCAAI ICAAl 1 1 CTTAACCTATCTCAAAGATGGAGA 
TCAGTGTGAGTCCAATCCATGTTTAAATGGCGGCAGTTGCAA 
GGATGACATTAATTCCTATGAATGTTGGTGTCCCTT 


2504 


AAGGGACACCAACATTCATAGGAATTAATGTCATCCTTGCAAC 
TGCCGCCATTTAAACATGGATTGGACTCACACTGATCTCCATC 
TTTGAGATAGGTTAAGAAATTGAATTGGCACGTAA 


95A5 


GTCCAATCCATGTTTAA 


950R ! 


TTAAACATGGATTGGAC 


9507 


Haprnnnhilia 

i iqwi i una hj 

Pro55Leu 
CCA-CTA 


TTACGTGrCAATTrAATTTr'TTAArrTATrTrAAAnATrr^AriA 

TCAGTGTGAGTCCAATCCATGTTTAAATGGCGGCAGTTGCAA 
GGATGACATTAATTCCTATGMTGTTGGTGTCCCTT 




AAGGGACACCAACATTCATAGGAATTAATGTCATr,rTTRrAAr 
TGCCGCCATTTAAACATGGATTGGACTCACACTGATCTCCATC 
TTTGAGATAGGTTAAGAAATTGAATTGGCACGTAA 


950Q 


GTCCAATCCATGTTTAA 


9510 


TTAAACATGGATTGGAC 


9511 


Haemophilia B 
Pro55Ser ! 
tCCA-TCA 


TTTACGTGCCAATTCAATTTCTTAACCTATCTCAAAGATGGAG 
ATCAGTGTGAGTCCAATCCATGTTTAAATGGCGGCAGTTGCA 
AGGATGACATTAATTCCTATGAATGTTGGTGTCCCT 


9519 


AGGGACACCAACATTCATAGGAATTAATGTCATnnTTfirAArT 
GCCGCCATTTAAACATGGATTGGACTCACACTGATCTCCATCT 
TTGAGATAGGTTAAGAAATTGAATTGGCACGTAAA 


9511 

£0 1 0 


AGTCCAATCCATGTTTA 


CO l*T 


TAAACATGGATTGGACT 




Haemophilia B 

Cys56Arg 

aTGT-CGT 


ACGTGCCAAI ICAAI 1 1 CTTAACCTATCTCAAAGATGGAGATC 
AGTGTGAGTCCAATCCATGTTTAAATGGCGGCAGTTGCAAGG 
ATGACATTAATTCCTATGAATGTTGGTGTCCCTTTG 


2516 


CAAAGGGACACCAAOATTCATARRAATTAATRTPATrrTTRrA 

ACTGCCGCCATTTAAACATGGATTGGACTCACACTGATCTCC 
ATCTTTGAGATAGGTTAAGAAATTGAATTGGCACGT 


9517 


CCMTCCATGTTTAAAT 




ATTTAAACATGGATTGG 


2519 


Haemophilia B 

Cys56Ser 

aTGT-AGT 


ACGTGCCAAI ICAAI 1 1 C 1 TAACCTATCTCAAAGATGGAGATC 
AGTGTGAGTCCAATCCATGTTTAAATGGCGGCAGTTGCAAGG 
ATGACATTAATTCCTATGAATGTTGGTGTCCCTTTG 


2520 


CAAAGGGACACCMCATTCATAGGAATTAATGTCATCCTTGCA 

ACTGCCGCCATTTAAACATGGATTGGACTCACACTGATCTCC 

ATCTTTGAGATAGGTTAAGAAATTGMTTGGCACGT 


2521 



WO 01/73002 



-187- 



PCT/US01/09761 



CBnicaf PhenotypeA 
Mutation 


\ Correcting Oligos . . 


SEQ ID 

NO: 




CCAATCCATGTTTAAAT 


2522 


ATTTAAACATGGATTGG 


2523 


Haemophilia B 

Cys56Ser 

TGT-TCT 


cgtgccaattcaatttcttaacctatctcaaagatggAgaTca 
gtgtgagtccaatccatgtttaaatggcggcagttgcaagga 
tgacattaattcctatgaatgttggtgtccctttgg 


2524 


CCAAAGGGACACCAACATTCATAGGAATTAATGTCATCCTTGC 
AACTGCCGCCATTTAAACATGGATTGGACTCACACTGATCTCC 
ATCTTTGAGATAGGTTAAGAAATTGAATTGGCACG 


2525 


CAATCCATGTTTAAATG 


2526 


CATTTAAACATGGATTG 


2527 


Haemophilia B 

Cys56Tyr 

TGT-TAT 


CGTGCCAAT1 CAA1 1 rCITAACCTATCTCAAAGATGGAGATCA 
GTGTGAGTCCAATCCATGTTTAAATGGCGGCAGTTGCAAGGA 
TGACAtTAATTCCTATGAATGTTGGTGTCCCTTTGG 


2528 


CCAAAGGGACACCAACATTCATAGGAATTAATGTCATCCTTGC 
AACTGCCGCCATTTAAACATGGATTGGACTCACACTGATCTCC 
ATCTTTGAGATAGGTTAAGAAATTGAATTGGCACG 


2529 


CAATCCATGTTTAAATG 


2530 j 


CATTTAAACATGGATTG 


2531 


Haemophilia B 

Asn58Lys 

AATg-AAG 


ATTCAATTTCTTAACCTATCTCAAAGATGGAGATCAGTGTGAG 

TCCAATCCATGT7TAAATGGCGGCAGTTGCAAGGATGACATTA 

ATTCCTATGMTGTTGGTGTCCCTTTGGATTTGAA 


2532 


TTCAAATCCAAAGGGACACCAACATTCATAGGAATTAATGTCA 

TCCTTGCAACTGCCGCCATTTAAACATGGATTGGACTCACACT 

GATCTCCATCTTTGAGATAGGTTAAGAAATTGAAT 


2533 


TGTTTAAAIGGCGGCAG 


2534 


CTGCCGCCATTTAAACA 


2535 


Haemophilia B 

Gly59Asp 

GGC-GAC 


TCAATTTCTTAACCTATCTCAAAGATGGAGATCAGTGTGAGTC 
CAATCCATGTTTAAATGGCGGCAGTTGCAAGGATGACATTAAT 
TCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGG 


2536 


CCTTCAAATCCAAAGGGACACCAACATTCATAGGAATTAATGT 

CATCCTTGCAACTGCCGCCATTTAAACATGGATTGGACTCACA 

CTGATCTCCATCTTTGAGATAGGTTAAGAMTTGA 


2537 


TTTAAATGGCGGCAGTT 


2538 


AACTGCCGCCATTTAAA 


2539 


Haemophilia B 

Gly59Val 

GGC-GTC 


TCAATTTCTTAaCCTATCTCAAAGATGGAGATCAGTGTGAGTC 
CAATCCATGTTTAAATGGCGGCAGTTGCAAGGATGACATTAAT 
TCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGG 


2540 


CCTTCAAATCCAAAGGGACACCAACATTCATAGGAATTAATGT 
CATCCTTGCAACTGCCGCCATTTAAACATGGATTGGACTCACA 
CTGATCTCCATCTTTGAGATAGGTTAAGAAATTGA 


2541 



WO 01/73002 



-188- 
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lllhical PhenotypeiS 
; «; • Mutation. 


i: . . CorrectingGligos , ; . 


1 SEQ ID 

1 NO: 




TTTAAATGGPftftPAfiTT 


254/ 


AAfTGPPGPPATTTAAA 


2o4o 


HaemoDhilia B 

Gly59Ser 

tGGC-AGC 


TTCAATTTCTTAACCTATCTrAAAttAt^nA^ATPAfiT^TnACT 

CCAATCCATGTTTAAATGGCGGCAGTTGCAAGGATGACATTAA 
TTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAG 


Z044 


PTTP A A ATPP A A LOfXCX A P APP A AP ATTP AT A P^ A ATT A ATPTP 
u 1 1 UMtttt ! UOAAAoooAOAuLrAAOA 1 1 UA 1 AouAA 1 1 AA 1 o 1 0 

ATCCTTGCAACTGCCGCCATTTAAACATGGATTGGACTCACAC 
TGATCTCCATCTTTGAGATAGGTTAAGAAATTGAA 


2545 


CnTTAAATftfiPftftPAftT 


2o4o 


APTftPPftPPATTTAAAP 


2547 


naemopniiia d 

Gly60Ser 

cGGC-AGC 


A ATTT/^TTA A^/^TATPTPA A A PATP/^ A a to a ptptp a /^rr»/> a 

AAI 1 IUI 1 AAOulAIOTGAMGATGGAGATCAGTGTGAGTCCA 
ATCCATGTTTAAATGGCGGCAGTTGCAAGGATGACATTAATTC 
CTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAA 


2548 


TTPPTTPAAATPPAAAr2r2r2APAPPA APATTPATAPfA ATT A AT 

I 1 I 1 WW\ 1 ULr/W\oovjAOALrLf AAU A 1 1 UA 1 AooAA i 1 AA 1 

GTCATCCTTGCAACTGCCGCCATTTAAACATGGATTGGACTCA 
CACTGATCTCCATCTTTGAGATAGGTTAAGAAATT 


2549 


T A A ATfSft P ftPP A CTTCfir 
1 AAA 1 OULAaoUAo 1 1 oU 


2550 


ftPAAPTftPPfSPPATTTA ^ 
Ul/AMU i OUUbUl/M MIA 


2551 


Gly60Cys 
cGGC-TGC 


A ATTTPTT A APPT ATPTP A A A P ATP P A C ATP A PTPTP A OTOr* A 
AA II ION AAUO 1 A 1 L» 1 OAAAbA 1 la w\w\ 1 L»Ao 1 o 1 bAlj 1 UOA 

ATCCATGTTTAAATGGCGGCAGTTGCAAGGATGACATTAATTC 
CTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAA 


2552 


TTPPTTPA A ATPPA A APPP Af*AfV*A APATTP ata^p a a XX a ax 
1 1 L» Lr i 1 UAAA 1 L»UAAAoooALrAULrAALfA 1 1 LA 1 AbuAATTAAT 

GTCATCCTTGCAACTGCCGCCATTTAAACATGGATTGGACTCA 
CACTGATCTCCATCTTTGAGATAGGTTAAGAAATT 


2553 


TAAATftftPGftPAftTTfiP 


2554 


nPAAPTftPPftPPATTTA 


2555 


Haemonhilia B 

Gly60Asp 

GGC-GAC 


ATTTCTTAACnTATPTPAAAnATnRAnATPAnTnTriAr^TPPAA 

TCCATGTTTAAATGGCGGCAGTTGCAAGGATGACATTAATTCC 
TATGAATGTTGGTGTCCCTTTGGATTTGAAGGAAA 


9E££ 
2000 


1 1 1 r^TTP A A ATPP A A APPPAPAPPA APATTPATAPPA a XT A A 

1 1 \ \ lUAAAILUAAAbboAOAuLAAuAliOATAGGAAM 

TGTCATCCTTGCAACTGCCGCCATTTAAACATGGATTGGACTC 

ACACTGATCTCCATCTTTGAGATAGGTTAAGAAAT 


2557 


AAATGGCGGCAGTTnPA 


2000 


TGCAACTGCCGCCATTT 


2559 


Haemophilia B 

Gly60Arg 

cGGC-CGC 


AAI 1 1 CI lAACCTATCTCAAAGATGGAGATCAGTGtGAGtCCA 
ATCCATGTTTAMTGGCGGCAGTTGCAAGGATGACATTAATTC 
CTATGMTGTTGGTGTCCCTTTGGATTTGAAGGAA 


2560 I 


TTCCTTCAAATCCAAAGGGACACCAACATTCATAGGAATTAAT 

GTCATCCTTGCAACTGCCGCCATTTAAACATGGATTGGACTCA 

CACTGATCTCCATCTTTGAGATAGGTTAAGAAA7T 


2561 



WO 01/73002 
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Cfinica|Phen0type & 
■ '■ ■ ■' Mutation' „ , ; > 


... Correcting Oligos 


sew tu 

NO: 




TAAATGGCGGCAGTTGC 


2562 


GCAACTGCCGCCATTTA 


2563 


Haemophilia B 
oysoz i yr 
TGC-TAC 


TAACCTATCTCAAAGATGGAGATCAGTGTGAGTCCAATCCATG 
1 1 lAMTbGOGGCAGMGCMbGATGACATTM 
TGTTGGTGTCCCTTTGGATTTGAAGGAAAGAACTG 


2564 


CAGTTCTTTCCTTCAAATCCAAAGGGACACCAACATTCATAGG 

A A 1 1 A AT^TA AT^ATTA/S A A />TAO/>AA/NAl I T A a a an a^ANan a i i 1 

MTTMTGTCATCCTTGCMCTGCCGCCATTTAAACATGGATT 

ggactcacactgatctccatctttgagataggtta 


2565 


CGGCAGTTGCAAGGATG 


2566 


CATCCTTGCAACTGCCG 


2567 


Haemophilia B 

Cys62Ser 

TGC-TCC 


TAACCTATCTCAAAGATGGAGATCAGTGTGAGTCCAATCCATG 
TTTAAATGGCGGCAGTTGCAAGGATGACATTAATTCCTATGAA 
TGTTGGTGTCCC7TTGGA7TTGAAGGAMGAACTG 


2568 


CAGTTCTTTCCTTCAAATCCAAAGGGACACCAACA7TCATAGG 
AATTAATGTCATCCTTGCAACTGCCGCCATTTAAACATGGATT 
GGACTCACACTGATCTCCATCTTTGAGATAGGTTA 


2569 


CGGCAGTTGCAAGGATG 


2570 


CATCCTTGCAACTGCCG 


2571 


Haemophilia B 

Cyso2Term 

TGCa-TGA 


AACCTATCTCAAAGATGGAGATCAGTGTGAGTCCAATCCATGT 

1 "i A A ATAAAAAA A ATXA#% A A /"N i"N A "T"/*N A AN • i i j> • i i /-\ at a «r/\ « » -r- 

TTAAATGGCGGCAGTTGCAAGGATGACATTAATTCCTATGAAT 
GTTGGTGTCCCTTTGGATTTGAAGGAAAGAACTGT 


2572 


ACAGTTCTTTCCTTCAAATCCAAAGGGACACCAACATTCATAG 
GAATTAATGTCATCCTTGCAACTGCCGCCATTTAAACATGGAT 
TGGACTCACACTGATCTCCATCTTTGAGATAGGTT 


2573 


GGCAGTTGCAAGGATGA 


2574 


TCATCCTTGCAACTGCC 


2575 


Haemophilia B 

ASpD4blU 

GATg-GAG 


TCTCAAAGATGGAGATCAGTGTGAGTCCAATCCATGTTTAAAT 

A AAA A A A ATT A A A AAAATAAAATTA A T* rAATATA A »TATTAA 

GGCGGCAGITGCAAGGATGACATTAATTCCTATGAATGTTGG 
TGTCCCTTTGGATTTGAAGGAAAGAACTGTGAATTA 


2576 


TAATTCACAGTTCTTTCCTTCAAATCCAAAGGGACACCAACAT 
TCATAGGAATTAATGTCATCCTTGCAACTGCCGCCATTTAAAC 
ATGGATTGGACTCACACTGATCTCCATCTTTGAGA 


2577 


TGCAAGGATGACATTAA 


2578 


TTAATGTCATCCTTGCA 


2579 


Haemophilia B 

Asp64Gly 

GAT-GGT 


ATCTCAAAGATGGAGATCAGTGTGAGTCCAATCCATGTTTAAA 

tggcggcagttgcaaggatgacattaattcctatgaatgttg 
gtgtccctttggatttgaaggaaagaactgtgaatt 


2580 


AATTCACAGTTCTTTCCTTCAAATCCAAAGGGACACCAACATT 
CATAGGAATTAATGTCATCCTTGCAACTGCCGCCATTTAAACA 
TGGATTGGACTCACACTGATCTCCATCTTTGAGAT 


2581 



WO 01/73002 
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SEQfD 

NO: 




TTGCAAGGATGACATTA 


£00 £ 


TAATGTCATCCTTGCAA 


c.000 


Haemophilia B 

Asp64Asn 

gGAT-AAT 


TATCTCAAAGATGGAGATCAGTGTGAGTCCAATCCATGTTTAA 
ATGGCGGCAGTTGCAAGGATGACATTAATTCCTATGAATGTTG 
GTGTCCCTTTGGATTTGAAGGAAAGAACTGTGAAT 




ATTCACAGTTCTTTCCTTCAAATCCAAAGGGACACCAArATTr 

ATAGGAATTAATGTCATCCTTGCAACTGCCGCCATTTAAACAT 
GGATTGGACTCACACTGATCTCCATCTTTGAGATA 


£.000 


GTTGCAAGGATGACATT 


95AR 
ZuOD 


AATGTCATCCTTGCAAC 




Haemoohilia B 

lle66Ser 

ATT-AGT 


AAGAt GGAG ATP AfiTfiTfi ARTP P A ATPP ATrTTt A A atpppp 

rvrvv3r\ i uunoA I UnO I o 1 otto 1 UOMM 1 OUA 1 1 AAA 1 bol»b 

GCAGTTGCAAGGATGACATTAATTCCTATGAATGTTGGTGTCC 
CTTTGGATTTGAAGGAAAGAACTGTGAATTAGGTAA 


z5oo 


nACCTAATTCACAGTTCTTTCCTTCAAATrrAAAfififiArArr 

AACATTCATAGGAATTAATGTCATCCTTGCAACTGCCGCCATT 
TAAACATGGATTGGACTCACACTGATCTCCATCTT 


ZOO? 


GGATGACATTAATTCCT 


zoyu 


AGGAATTAATGTCATCC 


zoy i 


Haemophilia 6 

lle66Thr 

ATT-ACT 


MGATGGAGATCAGTGTGAGTCCMTPPATnTTTAAATftftPft 

GCAGTTGCAAGGATGACA1TAATTCCTATGAATGTTGGTGTCC 
CTTTGGATTTGAAGGAAAGAACTGTGAATTAGGTAA 


95Q9 


TTACCTMTTCACAGTTCTTTCCTTCAAATrrAAARf5RArArr 

AACATTCATAGGAATTAATGTCATCCTTGCAACTGCCGCCATT 
TAAACATGGATTGGACTCACACTGATCTCCATCTT 




GGATGACATTAATTCCT 


zoy*f 


AGGAATTAATGTCATCC 


9gq«; i 
zoyo 


Haemophilia B 

Asn67Lys 

AATt-AAA 


TGGAGATCAGTGTGAGTCCAATCCATGTTTAAATGftrfifirAfi ' 

TTGCAAGGATGACATTAATTCCTATGAATGTTGGTGTCCCTTT 

GGATTTGAAGGAAAGAACTGTGAATTAGGTAAGTAA 


9CQG H 


1 1 A(J II ACCTAATTnArAfiTTrTTTmTPAAATr v PA&Af:rr N Ar 

ACCAACATTCATAGGAATTAATGTCATCCTTGCAACTGCCGCC 
ATTTAAACATGGATTGGACTCACACTGATCTCCA 


0CQ7 

low 


GACATTAATTCCTATGA 


259R 


TCATAGGAATTAATGTC 


2599 


Haemophilia B 

Tyr69Cys 

TAT-TGT 


ATCAGTGTGAGTCCAATCCATGTTTAAATGGCGGCAGTTGCA " 

AGGATGACATTAATTCCTATGAATGTTGGTGTCCCTTTGGATT 

TGAAGGAAAGAACTGTGAATTAGGTAAGTAACTATT 


2600 


AATAGnACTTACCTAATTCACAGnCTTTCCTTCAAATCCAAA 
GGGACACCAACA7TCATAGGAATTAATGTCATCCTTGCAACTG 
CCGCCATTTAAACATGGATTGGACTCACACTGAT 


2601 



WO 01/73002 
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Mutation 


• Correcting Oiigos 


btu ID 
NO: 




TAATTCCTATGAATGTT 


2602 


AACATTCATAGGAATTA 


2603 


Haemophilia B 
oysn lerm 
TGTt-TGA 


tgagtccmtccatgtttaaaTgGCggcAgttGcaaggatga ' 

O ATT A A'l r^TAT^ A ataTT/>/^TOTAAAttta/% »'i i i /*> * a aa * 

CATTMTTCCTATGMTGnGGTGTCCCTTTGGATTTGAAGGA 
AAGAACTGTGAATTAGGTAAGTAACTA I TTrrrGAA 


2604 


TTCAAAAMTAGTTACTTACCTAATTCACAGTTCTTTCCTTCAA 
ATCCAAAGGGACACCAACATTCATAGGAATTAATGTCATCCTT 
GCAACTGCCGCCATTTAAACATGGATTGGACTCA 


2605 


TATGAATGTTGGTGTCC 


2606 


GGACACCAACATTCATA 


2607 


Haemophilia B 

Cys71Ser 

TGT-TCT 


GTGAGTCCAA I CCA I G 1 1 1 AAATGGCGGCAGTTGCAAGGATG 
ACATTMnCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGG 
AMGMCTGTGMnAGGTMGTMCTATTTTTTGA 


2608 


TCAAAAMTAGTTAenACCTMTTCACAGTTCTTTCCTTCAAA 
TCCAAAGGGACACCAACATTCATAGGAATTAATGTCATCCTTG 
CAACTGCCGCCATTTAAACATGGATTGGACTCAC 


2609 


CTATGAATGTTGGTGTC 


2610 


GACACCAACATTCATAG 


2611 


Haemophilia B 

Cys71Tyr 

TGT-TAT 


GTGAGTCCAATCCATGTTTAAATGGCGGCAGTTGCAAGGATG 
ACATTAATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGG 
AAAGAACTGTGAATTAGGTAAGTAACTA 1 1 1 ITIGA 


2612 


TCAAAAMTAGTTACTTACCTMTTCACAGTTCTTTCCTTCAAA 
TCCAAAGGGACACCAACATTCATAGGAATTAATGTCATCCTTG 
CAACTGCCGCCATTTAAACATGGATTGGACTCAC 


2613 


CTATGAATGTTGGTGTC 


2614 


GACACCAACATTCATAG 


2615 


Haemophilia B 

oysnoer 

aTGT-AGT 


TGTGAGTCCAA 1 CCA 1 G 1 1 IAAATGGCGGCAGTTGCAAGGAT 
GACATTAATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAG 
GAAAGAACTGTGAATTAGGTAAGTAACTA 1 1 TTTTG 


2616 


CAAAAMTAGTTACTTACCTAATTCACAGTTCTTTCCTTCAAAT 

CCAAAGGGACACCAACATTCATAGGAATTAATGTCATCCTTGC 

AACTGCCGCCATTTAAACATGGATTGGACTCACA 


2617 


CCTATGAAIGTTGGTGT 


2618 


ACACCAACATTCATAGG 


2619 


Haemophilia B 

Trp72Arg 

tTGG-AGG 


GAGTCCAATCCATGTTTAMTGGCGGCAGTTGCAAGGATGAC 
ATTAAnCCTATGMTGTTGGTGTCCCTTTGGATTTGAAGGAA 
AGAACTGTGAATTAGGTAAGTAACTA 1 llll IGAAT 


2620 


ATTCAAAAAATAGnACTTACCTAATTCACAGnCTTTCCTTCA 
AATCCAAAGGGACACCAACATTCATAGGAATTAATGTCATCCT 
TGCAACTGCCGCCATTTAAACATGGATTGGACTC 


2621 
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CfiflicalPhenotyped 


| - , . • - '- - , ,„ 
: . Correcting Oligos , : . 


NO; :; 




ATGAATGTTGGTGTCCC 


2622 


GGGACACCAACATTCAT 


2623 


Haemophilia B 

Trp72Term 

TGGt-TGA 


GTCCAATCCATC4 1 1 1 AAATfifiPfV^PAfrrTrsPAAr^ATPAPAT 

vj i wunn i v/un i o 1 I i MMn I Ogv/OOvnO 1 1 oUAAooA 1 bnU A 1 

TAATTCCTATGAATGTTGGTGTCCCTTTGGATITGAAGGAAAG 
AACTGTGAATTAGGTAAGTAACTA 1 1 11TTGAATAC 


2524 


ftTA 1 rPAAAAAATAfTTTAPTTAPPTA ATTPArArTTrrnr^TT 
OlMl I Unn/AMMn 1 AO 1 1 AO \ i AuLr 1 AM 1 1 OAUAo 1 1 L> 1 1 I L»L 11 

CAAATCCAAAGGGACACCAACATTCATAGGAATTAATGTCATC 
CTTGCAACTGCCGCCATTTAAACATGGATTGGAC 


2625 


GMTGTTfiGTftTPPPTT 

OTV\ lull vjO 1 O I Ouu 1 1 


Off Off 

2626 


AAfiftftAPAPPAAPATTP 


2627 


Waomonhilia R 

ndcf nupniiid D 

Cys73Tyr 
TGT-TAT 


wAA 1 OLA 1 b 1 1 1 AAA 1 UUUGbXIAGTTGCAAGGATGACATTAA 
TTCCTATGMTGTTGGTGTCCCTTTGGATTTGAAGGAAAGAAC 
TGTGMTTAGGTMGTMCTATTTTTTGAATACTC 


2628 


ftAftTATTPAAAAAATAPTTAPTTAPPTA ATTPAP A nTT/^TTTO^ 

omoimi iumamaaaiAoI IAUI lAUOIAAl ! LALAoTTCTTTCC 
TTCAAATCCAAAGGGACACCAACATTCATAGGAATTAATGTCA 
TCCTTGCAACTGCCGCCATTTAAACATGGATTGG 


2629 


ATPTTftnTftTPPPTTTP 


2630 


PAAAftftftAPAPPAAPAT 
LrrW\OOOnOAL»L»AAUA 1 


2631 


Hapmnnhilia R 

■ ■ awi iivf/i una u 

Cys73Arg 
gTGT-CGT 


TPPA ATPPATY5 MIA A ATP^PPPO A PTTpo a a p^ a tp a a tt a 
i v/unn i LrOA l o r I I AAA 1 ooOooOAo 1 1 ouAAooAToACATTA 

AnCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAAAGAA 
CTGTGAATTAGGTAAGTAACTAI Mil PGAATACT 


Off OA 

2632 


AfiT ATTP A A AAA AT APTT APTT APPT* A attp a a r»TTr>T r r aat 

aoimi lUAAAAAAIAol IAUI 1 AUo 1 AATTCACAGTTCTTTCCT 
TCAAATCCAAAGGGACACCAACATTCATAGGAATTAATGTCAT 
CCTTGCAACTGCCGCCATTTAAACATGGATTGGA 


2633 


AATftTTfiftTftTPPPTTT 
r\rV 1 0 1 1 OO J_0 1 1 1 1 


Off O 4 

2634 


AAAfiftfiAPAPPAAPATT 


Off OP 

2635 


Haemophilia 6 

Cys73Phe 

TGT-TTT 


CCAATCCATGI 1 1 AAA I ^nf^^ftPAr^TT^PA Ar2<^ atp ap atta a 

wwrvrv i wun i o i I I nnn I OOwOOUnO 1 1 oL*MAoo A 1 oAUA 1 1 AA 

TTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAAAGAAC 
TGTGMTTAGGTMGTMCTATTTTTTGAATACTC 


OCQfl 

ZDOD 


P APT ATT P AAA A A AT APTT A /^TT a^ta a irn a o a /mt atttaa 

oAo 1 A 1 1 LrAAAAAA 1 Ao 1 7 ACTTACCTAATTCACAGTTCTTTCC 
TTCAAATCCAAAGGGACACCAACATTCATAGGAATTAATGTCA 
TCCTTGCAACTGCCGCCATTTAAACATGGATTGG 


2637 


ATftTTftfiTfcTPPPTTTft 

"Iwl I OO 1 O 1 IslsVs 1 1 I o 


Off OA 

2638 


CAAAGGGACACCAACAT 




Haemophilia B 

Cys73Term 

TGTc-TGA 


CAATCCATGTTTAAATGGCGGCAGTTGCAAGGATGACATTAAT 
TCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAAAGAACT 
GTGMTTAGGTMGTMCTATTTTTTGAATACTCA 


2640 


TGAGTATTCAAAAAATAGTTACTTACCTAATTCACAGTTCTTTC 
CTTCAAATCCAAAGGGACACCAACATTCATAGGAATTAATGTC 
ATCCTTGCAACTGCCGCCATTTAAACATGGATTG 


2641 


TGTTGGTGTCCCTTTGG 


2642 
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CCAAAGGGACACCAACA 


2643 


Haemophilia B 

oiy/Dvai 

GGA-GTA 


GTTTAAATGGCGGCAGTTGCAAGGATGACATTAATTCCTATGA 
Albl Ibblbl LOO ITTGGAI 1 1 GAAGGAAAGAACTGTGAATTA 
GGTAAGTAACTAI 1 1 1 1 1 GAATACTC ATGGTTC M 


2644 


TTGAACCATGAGTATTCAAAAAATAGTTACTrACCTAATTCACA 
GTTCTTTCCTTCAAATCCAAAGGGACACCAACATTCATAGGAA 
TTAATGTCATCCTTGCAACTGCCGCCATTTAAAC 


2645 


TCCCTTTGGATTTGAAG 


2646 


CTTCAAATCCAAAGGGA 


2647 


Haemophilia B 

biy/oArg 

tGGA-AGA 


IGI 1 1 AAA 1 GGCGGCAGTTGCAAGGATGACATTAATTCCTATG 

A AT^TTO/VrAT^A/^TTTAA All I A A A AAA /"\ A A AtATA a a i i» 

MTGTTGGTGTCCCTTTGGATTTGAAGGAAAGAACTGTGAATT 
AGGTAAGTAACTA 1 1 1 1 1 1 GAATACTCATGGTTCA 


2648 


TGAACCATGAGTATTCAAAAAATAGTTACTTACCTAATTCACAG 

TTCTTTCCTTCAAATCCAAAGGGACACCAACATTCATAGGAAT 

TAATGTCATCCTTGCAACTGCCGCCATTTAAACA 


2649 


GTCCCTTTGGATTTGAA 


2650 


TTCAAATCCAAAGGGAC 


2651 


Haemophilia B 
ru&f /uys 
TTT-TGT 


TAAATGGCGGCAGTTGCAAGGATGACATTAATTCCTATGAATG 
TTGGTGTCCCTTTGGATTtGAAGGAAAGAACTGTGAATTAGGT 
AAGTAACTATTTTTTGAATACTCATGGTTCAMGT 


2652 


actttgaaccatgagtattcaaaaaatagttacttacctaattc 
acagttctttccncaaatccaaagggacaccaacattcatag 

GAATTAATGTCATCCTTGCMCTGCCGCCATTTA 


2653 


CTTTGGATTTGAAGGAA 


2654 


TTCCTTCAAATCCAAAG 


2655 


Haemophilia B 

Phe77Ser 

TTT-TCT 


TAAATGGCGGCAGTTGCAAGGATGACAlTAATTCCtATGAATG 
TTGGTGTCCCTTTGGATTTGAAGGAAAGAACTGTGAATTAGGT 
AAGTAACTATTTTTTGAATACTCATGGTTCAAAGT 


2656 


ACTTTGAACCATGAGTATTCAAAAAATAGTTACTTACCTAATTC 

A ^\ A ATT^TTTArtTT^ AAA f A A A /*"V /"\ a a *N a A *"V a mi i >v A «•> A a. 

ACAGnCTTTCCTTCAAATCCAAAGGGACACCAACATTCATAG 
GAATTAATGTCATCCTTGCAACTGCCGCCATTTA 


2657 


CTTTGGATTTGAAGGAA 


2658 


TTCCTTCAAATCCAAAG 


2659 


Haemophilia B 

Phe77Tyr 

TTT-TAT 


TAMTGGCGGCAGTTGCAAGGATGACATTMTTCCTATGAATG 
nGGTGTCCCTTTGGATTTGAAGGAAAGAACTGTGAATTAGGT 
MGTAACTAI 1 1 1 1 1 GAATACTCATGGTTCAAAGT 


2660 


ACTTTGMCCATGAGTATTCAAAAAATAGTTACTTACCTAATTC 
ACAGnCTTTCCTTCAAATCCAAAGGGACACCAACAnCATAG 
GAATTAATGTCATCCTTGCAACTGCCGCCATTTA 


2661 


CTTTGGATTTGAAGGAA 


2662 
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TTCCTTCAAATCCAAAG 


2663 


Haemophilia B 

Qu78Lys 

tGAA-AAA 


AATGGCGGCAGTTGCMGGATGACATTAATTCCTATGAATGTT 
GGT GTCCCTTTGGATTTG AAGGAAAGAACTGTGAATTAGGTAA 
GTAACTAI 1 1 1 1 1 GAATACTCATGGTTCAAAGTTT 


2664 


AAACn rGMCCATGAGTATTCAAAAAATAGTTACTTACCTAAT 
TCACAGTTCTTTCCTTCAAATCCAAAGGGACACCAACATTCAT 
AGGAATTAATGTCATCCTTGCMCTGCCGCCATT 


2665 


TTGGATTTGAAGGAAAG 


2666 


CTTTCCTTCAAATCCAA 


2667 


Haemophilia B 

Gly79Val 

GGA-GTA 


gcggcagttgcaaggatgacattaattcctaTgaatgttggt 
gtccctttggatttgaaggaaagmctgtgaattaggtaagta 
actai 1 1 1 1 igaatactcatggttcaaagtttccct 


2668 


AGGGAMCTTTGAACCATGAGTATTCAAAAAATAGTTACTTAC 
CTAATTCACAGTTCTTTCCTTCAAATCCAAAGGGACACCAACA 
TTCATAGGAATTAATGTCATCCTTGCAACTGCCGC 


2669 


Al 1 IGAAGGAAAGAACT 


2670 


AGTTCTTTCCTTCAAAT 


2671 


Haemophilia B 

Gly79Arg 

aGGA-AGA 


GGCGGCAGTTGCAAGGATGACATTAATTCCTATGAATGTTGG 
TGTCCCTTTGGATTTGAAGGAAAGAACTGTGAATTAGGTAAGT 
MCTATTTTTTGAATACTCATGGTTCAAAGTTTCCC 


2672 


GGGAMCTTTGAACCATGAGTATTCAAAAAATAGTTACTTACC 
TAATTCACAGTTCTTTCCTTCAAATCCAAAGGGACACCAACAT 
TCATAGGAATTAATGTCATCCTTGCAACTGCCGCC 


2673 


GATTTGAAGGAAAGAAC 


2674 


GTTCTTTCCTTCAAATC 


2675 


Haemophilia B 

Gly79Glu 

GGA-GAA 


GCGGCAGTTGCAAGGATGACATTAATTCCTATGMTGTTGGT 

GTCCCTTTGGATTTGMGGAAAGAACTGTGAATTAGGTAAGTA 

ACTATTTTTTGAATACTCATGGTTCAAAGTTTCCCT 


2676 


AGGGAAACTTTGAACCATGAGTATTCAAAAAATAGTTACTTAC 
CTAATTCACAGTTCTTTCCTTCAMTCCAAAGGGACACCAACA 
TTCATAGGAATTAATGTCATCCTTGCAACTGCCGC 


2677 


ATTTGAAGGAAAGAACT 


2678 


AGTTCTTTCCTTCAAAT 


2679 


Haemophilia B 

Cys88Ser 

TGT-TCT 


TTAGAAATGCATGTTAAATGATGCTGTTACTGTC 1 A 1 1 1 IGCH 
CTTTTAGATGTAACATGTAACATTAAGMTGGCAGATGCGAGC 
AGTTTTGTAAAAATAGTGCTGATAACAAGGTGGT 


2680 


ACCACCTTGTTATCAGCACTATTTTTACAAAACTGCTCGCATC 

TGCCATTCTTAATGTTACATGTTACATCTAAAAGAAGCAAAATA 

GACAGTMCAGCATCATTTAACATGCATTTCTAA 


2681 


TGTAACATGTAACATTA 


2682 
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TAATGTTACATGTTACA 


2683 


Haemophilia B 

Cys88Phe 

TGT-TTT 


TTAGAAATGCATGTTAAATGATGCTGTTACTGTCTATTTTGCTT 
CTTTTAGATGTAACATGTAACATTAAGAATGGCAGATGCGAGC 
AGTTTTGTAAAAATAGTGCTGATAACAAGGTGGT 


2684 


ACCACCTTGTTATCAGCACTATmTACAAAACTGCTCGCATC 

-r/^V^\rN ATT^TT A AT^'IT A ^ AT/NTT A /"> ATrtTA i i > At A y>/\ A A A A T A 

TGCCATTCTTAATGTTACATGTTACATCTAAAAGAAGCAAAATA 
GACAGTAACAGCATCATTTAACATGCATTTCTAA 


2685 


TGTAACATGTAACATTA 


2686 


TAATGTTACATGTTACA 


2687 


Haemophilia B 

LysooArg 

aTGT-CGT 


TnAGAAATGCATGTTAAATGATGCTGTTACTGTCTATTTTGCT 
1 0 1 II TAbA TG rAAOATGTAAL/ATTAAGAATGGCAGATGCGAG 
CAG 1 II 1 GTAAAAATAGTGCTGATAACAAGGTGG J 


2688 


CCACCTTGTTATCAGCACTATTTTTACAAAACTGCTCGCATCT 

^AA*TT/^TT4 A T /*> 1 1 1 A rt A T"^ \ T' T A rt A *T*^V'y » A A A /~\ A A /\ A A A * A "T» A 

GCCATTCTTAATGTTACATGTTACATCTAAAAGAAGCAAAATA 
GACAGTAACAGCATCATTTAACATGCATTTCTAAA 


2689 


ATGTAACAIGTAACATT 


2690 


AATGTTACATGTTACAT 


2691 


Haemophilia B 

Cys88Tyr 

TGT-TAT 


ttagaaatgcatgttaaatgatgctgttActgTc 1 A 1 1 1 IGCI 1 

f~y 1 If 1 AAAT/^TA A^AWTA A^ATTA AOA ATO/>A A ATnrt A A Art 

Cl 1 1 lAGATGTAACATGTAACATTAAGAATGGCAGATGCGAGC 
AGTTTTGTAAAAATAGTGCTGATAACAAGGTGGT 


2692 


ACCACCTTGTTATCAGCACTATTTTTACAAAACTGCTCGCATC 

TGCCATTCTTAATGTTACATGTTACATCTAAAAGAAGCAAAATA 

GACAGTAACAGCATCATTTAACATGCATTTCTAA 


2693 


TGTAACATGTAACATTA 


2694 


TAATGTTACATGTTACA 


2695 


Haemophilia B 

iieyuinr 

ATT-ACT 


ATGCATGTTAAATGATGCTGTTAC IGICIAI 1 1 IGCIICI 1 1 IA 
GATGTAACATGTAACATTAAGAATGGCAGATGCGAGCAb' 1 1 1 1 
GTAAAAATAGTGCTGATAACAAGGTGGTTTGCTC 


2696 


GAGCAMCCACCTTGnATCAGCACTATTTTTACAAAACTGCT 

f\ A TPrtTT^>rtrt A 1 ' 1 /"V T 1 A A HT^VTT A A T* A rt A T»/*>Tr A A A A rt A A 

CGCATCTGCCATTCTTAATGTTACATGTTACATCTAAAAGAAG 
CAAAATAGACAGTAACAGCATCATTTAACATGCAT 


2697 


ATGTAACATTAAGAATG 


2698 


CATTCTTAATGTTACAT 


2699 


Haemophilia B 

Asn92His 

gAAT-CAT 


TGTTAAATGATGCTGTTACTGl CI Al 1 1 IGCI ICI 1 1 lAGAlGF 
AACATGTAACATTAAGAATGGCAGATGCGAGCAGTTTTGTAAA 
AATAGTGCTGATAACAAGGTGGTTTGCTCCTGTA 


2700 


TACAGGAGCAMCCACCnGTTATCAGCACTATTTTTACAAAA 

CTGCTCGCATCTGCCATTCTTAATGTTACATGTTACATCTAAAA 

GAAGCAAAATAGACAGTAACAGCATCATTTAACA 


2701 


ACATTAAGAATGGCAGA 


2702 



WO 01/73002 



-196- 



PCT/US01/09761 





, C ctl or | SEQfB 




TCTGCCATTCTTAATGT 


1 2703 


Haemophilia B 

Asn92Lys 

AATg-AAA 


TTAAATGATGCTGTTACTGTCTA 1 1 1 IGCI ICI 1 1 lAGATGTAA 
CATGTAACATTAAGAATGGCAGATGCGAGCAGTTTTGTAAAAA 
TAGTGCTGATAACAAGGTGGTfTGCTCCTGTACT 


2704 




AGTACAGGAGCAMCCACCnGTTATCAGCACTATTTTTACAA 
AACTGCTCGCATCTGCCATTCTTAATGTTACATGTTACATCTA 

AAAfiAAftnAAAATAftAPACTAAPA^r'ATPATTTAA 


2705 




ATTAAGAATGGCAGATG 


2706 




CATCTGCCATTCTTAAT 


2707 


Haemophilia B 

Gly93Asp 

GGC-GAC 


AAATGATGCTG 1 1 AC 1 G 1 C 1 A 1 1 1 1 GC 1 1 C 1 TTTAGATGTAACA 
TGTAACAnAAGAATGGCAGATGCGAGCAGTTTTGTAAAAATA 
GTGCTGATAACAAGGTGGTTTGCTCCTGTACTGA 


2708 




TCAGTACAGGAGCAAACCACCTTGTTATCAGCACTATTTTTAC 
AAAACTGCTCGCATCTGCCATTCTTAATGTTACATGTTACATCT 

AAAArtAAfiPAAAATAflAPAf^TA A^'A^ > /" > AT/"»ATTT 
/VV^AVaAAv^W^AAA I AoAwvj 1 AAL AuUA 1 OA 1 1 1 


2709 




TAAGAATGGCAGATGCG 






CGCATCTGCCATTCTTA 


2711 


HaemoDhiiia B 

Gly93Ser 

tGGC-AGC 


TAAATGATGCTGTTACTGTCTA 1 1 1 IGCI ICI 1 1 IAGATGTAAC 
ATGTMCAnMGMTSGCAGATGCGAGCAGTTTTGTAAAAAT 
AGTGCTGATAACAAGGTGGTTTGCTCCTGTACTG 


2712 




CAGTACAGGAGCAMCCACCTTGTTATCAGCACTATTTTTACA 
AAACTGCTCGCATCTGCCATTCTTAATGTTACATGTTACATCTA 

AAAf^AA^PAA AATA^APAriTAAr'AOr^ATPATTTA 
MMAOMAoUAnAA 1 AoAOAu 1 AAuAoOA 1 LA 1 1 1 A 


2713 




TTAAGAATGGCAGATGC 


2714 




GCATCTGCCATTCTTAA 


2715 


Haemophilia B 

Arg94Ser 

AGAt-AGT 


GATGCTGTTACTGTCTATTTTGCTTCTTTTAGATGTAACATGTA 
ACATTMGMTGGCAGATGCGAGCAGTTTTGTAAAAATAGTGC 
TGATAACAAGGTGGTTTGCTCCTGTACTGAGGGA 


2716 




TCCCTCAGTACAGGAGCAAACCACCTTGTTATCAGCACTATTT 

TTACAAAACTGCTCGCATCTGCCATTCTTAATGTTACATGTTAC 
ATCTAAAAGAAGCAAAATAGACAGTAArAGr.ATr 


2717 




AATGGCAGATGCGAGCA 


2718 




TGCTCGCATCTGCCATT 


2719 


Haemophilia B 

Cys95Tyr 

TGC-TAC 


TGCTGTTACTG 1 C 1 A 1 1 1 IGCI ICI 1 1 1 AGATGTAACATGTAAC 
ATTAAGAATGGCAGATGCGAGCAGTnTGTAAAAATAGTGCTG 
ATAACAAGGTGGTTTGCTCCTGTACTGAGGGATA 


2720 




TATCCCTCAGTACAGGAGCAAACCACCTTGTTATCAGCACTAT 
TTTTACAAAACTGCTCGCATCTGCCATTCTTAATGTTACATGTT 
ACATCTAAAAGAAGCAAAATAGACAGTAACAGCA 


2721 




TGGCAGATGCGAGCAGT 


2722 
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ACTGCTCGCATCTGCCA 


2723 


Haemophilia B 

Cys95Trp 

TGCg-TGG 


GCTGTTACTG ICIAI 1 1 IGCI ICI 1 1 IAGAI GTAACATGTAACA 
TTAAGAATGGCAGATGCGAGCAGTTTTGTAAAAATAGTGCTGA 
TAACAAGGTGGTTTGCTCCTGTACTGAGGGATAT 


2724 


ATATCCCTCAGTACAGGAGCAAACCACCTTGTTATCAGCACTA 
1 1 1 1 lACAAAACTGCTCGCATCTGCCATrCTTAATGTTACATGT 
TACATCTAAAAGAAGCAAAATAGACAGTMCAGC 


2725 


GGCAGATGCGAGCAGTT 


2726 


AACTGCTCGCATCTGCC 


2727 


Haemophilia B 

Cys95Term 

TGCg-TGA 


GCTGTTACTGICIAI 1 1 1 GC 1 1 C 1 1 1 1 AOA f GTAACATGTAACA 
TTMGAATGGCAGATGCGAGCAGTTTTGTAAAAATAGTGCTGA 
TAACAAGGTGGTTTGCTCCTGTACTGAGGGATAT 


2728 


ATATCCCTCAGTACAGGAGCAAACCACCnGnATCAGCACTA 
1 1 1 1 lACAAAACTGCTCGCATCTGCCATTCTTAATGTTACATGT 
TACATCTAAAAGAAGCAAAATAGACAGTAACAGC 


2729 


GGCAGATGCGAGCAGTT 


2730 


AACTGCTCGCATCTGCC 


2731 


Haemophilia B 

Gln97Pro 

CAG-CCG 


rACTGTCTAI 1 1 IGCI ICI 1 1 1 AGATGTAACATGTAACATTAAG 

AATGGCAGATGCGAGCAGTTTTGTAAAMTAGTGCTGATAACA 

AGGTGGTTTGCTCCTGTACTGAGGGATATCGACT 


2732 


AGTCGATATCCCTCAGTACAGGAGCAAACCACCTTGTTATCA 
GCACTAI 1 1 1 1 ACAAAACTGCTCGCATCTGCCATTCTTAATGTT 
ACATGTTACATCTAAAAGMGCAAAATAGACAGTA 


2733 


ATGCGAGCAGTTTTGTA 


2734 


TACAAAACIGCTCGCAT 


2735 


Haemophilia B 

Gln97Giu 

gCAG-GAG 


1 IACIGICIAI 1 1 IGCI ICI 1 1 1 AGATGTAACATGTAACATTAA 

GAATGGCAGATGCGAGCAGTTTTGTAAAAATAGTGCTGATAAC 

AAGGTGGTTTGCTCCTGTACTGAGGGATATCGAC 


2736 


GTCGATATCCCTCAGTACAGGAGCAAACCACCTTGTTATCAG ! 
CACTAI 1 1 1 1 ACAAAACTGCTCGCATCTGCCATTCTTAATGTTA 
CATGTTACATCTAAAAGMGCAAAATAGACAGTAA 


2737 


GATGCGAGCAGTTTTGT 


2738 


ACAAAACTgCTCGCATC 


2739 


Haemophilia 6 

Cys99Arg 

tTGT-CGT 


TCTATTTTGC1 ICI 1 1 1 AGA 1 GTAACATGTAACATTAAGAATGG 

CAGATGCGAGCAGTTTTGTAAAAATAGTGCTGATAACAAGGTG 

GTTTGCTCCTGTACTGAGGGATATCGACTTGCAG 


2740 


CTGCAAGTCGATATCCCTCAGTACAGGAGCAAACCACCTTGT 
TATCAGCACTAI 1 1 1 1 ACAAAACTGCTCGCATCTGCCATTCTT 
AATGTTACATGTTACATCTAAAAGAAGCAAAATAGA 


2741 


AGCAGTTTTGTAAAAAT 


2742 



WO 01/73002 



-198- 



PCT/USO 1/09761 



CfifljcatPhetiotype'Sf 


Correcting Oitgos ( ; , 


flilll 

1 tiQ^ ' * 




ATTTTTACAAMCTGCT 


12743 


Haemophilia B 

Cys99Tyr 

TGT-TAT 


CTAi 1 1 1 UCTTCTTTTAGATGTAACATGTAACATTAAGAATGGC 
AGATGCGAGCAGI 1 1 IGTAAAAATAGTGCTGATAACAAGGTG 
GTTTGCTCCTGTACTGAGGGATATCGACTTGCAGA 


2744 


TCTGCAAGTCGATATCCCTCAGTACAGGAGCAAACCACCTTG 
TTATCAGCACTAI 1 1 1 IACAAAACTGCTCGCATCTGCCA7TCTT 
AATGTTACATGTTACATCTAAMGMGCAAAATAG 


2745 


GCAGTTTTGTAAAAATA 


2746 


TAI 1 1 1 IACAAAACTGC 


2747 


Warfarin sensitivity 

Ala(-10)Thr 

cGCC-ACC 


M 1 1 1 1 <i(J 1 AMACTAAAGAAT1 A 1 ICI 1 1 1 ACA rTTCAGTTTTT 
CTTGATCATGAAAACfiCCAACAAAATTCTGAATCGGCCAAAGA 
GGTATMTTCAGGTAAATTGGAAGAGTTTGTTC 


2748 


GMCAAACTCTTCCMTTTACCTGMTTATACCTCTTTGGCCG 

ATTCAGMTTTTGTTGGCGTTTTCATGATCAAGAAAAACTGAAA 

TGTAAMGMTMTTCTTTAGTTTTAGCAAAAAA 


2749 


ATGAAAACGCCMCAAA 


2750 


TTTGTTGGCGTTTTCAT 


2751 


Warfarin sensitivity 

Ala(-10)Val 

GCC-GTC 


1 1 1 1 1 UU1 AAAACTAAAGAATTA 1 ICI 1 1 IACAI 1 1 CAGTI TTTC 
TTGATCATGAAAACGCCAACAAAATTCTGAATCGGCCAAAGAG 
GTATAATTCAGGTAAATTGGAAGAGTTTGTTCA 


2752 


TGAACAAACTCTTCCMTTTACCTGAATTATACCTCTTTGGCC 
GATTCAGMTTTTGTTGGCGTTTTCATGATCAAGAAAAACTGA 
MTGTAAMGMTMTTCTTTAGTTTTAGCAAAAA 


2753 


TGAAAACGCCAACAAAA 


2754 


TTTTGTTGGCGTTTTCA 


2755 


Haemophilia B 

Gly(-26)Val 

GGA-GTA 


rGCAGCGCGTGMCATGATCATGGCAGAATCACCAGGCCTCA 

TCACCATCTGCCTTTTAGGATATCTACTCAGTGCTGAATGTAC 

AGGTnGTTTCCTTTTTTAAAATACATTGAGTATGC 


2756 


GCATACTCMTGTATTTTAAAAAAGGAAACAAACCTGTACATTC 
AGCACTGAGTAGATATCCTAAMGGCAGATGGTGATGAGGCC 
TGGTGATTCTGCCATGATCATGTTCACGCGCTGCA 


2757 


CCTTTTAGGATATCTAC 


2758 


GTAGATATCCTAAAAGG 


2759 


Haemophilia B 
Leu(-27)Term 
TTA-TAA 


TTATGCAGCGCGTGAACATGATCA F GGCAGAATCACCAGGCC 
TCATCACCATCTGCCTTTTAGGATATCTACTCAGTGCTGAATG 
TACAGGTTTGTTTCCTTTTTTAAAATACA"rTGAGTA 


2760 


TACTCMTGTATTTTAAAAAAGGAAACAAACCTGTACATTCAGC 
ACTGAGTAGATATCCTAAAAGGCAGATGGTGATGAGGCCTGG 
TGATTCTGCCATGATCATGTTCACGCGCTGCATAA 


2761 




CTGCCTTTTAGGATATC 


2762 
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GATATCCTAAAAGGCAG 


2763 


Haemophilia B 

iie^oujAsn 

ATC-AAC 


tagcaaaggttatgcagcgcgtgaacatgatcatggcAgaat 

w\OL>AooOO 1 L A 1 L>AL>w\IU 1 lalA/ 1 1 1 1 AooA 1 A 1 L 1 ACTCAG 
TGCTGAAT GTACAGGTTTGTTTCC 1 1 1 1 1 IAAAATA 


2764 




TATTTTAAAAAAGGAAACAAACCTGTACATTCAGCACTGAGTA 
GATATCCTAAAAGGCAGATGGTGATGAGGCCTGGTGATTCTG 
CCATGATCATGTTCACGCGCTGCATAACCTTTGCTA 


2765 




CATCACCATCTGCCTTT 


2766 




AAAGGCAGATGGTGATG 


2767 


Haemophilia B 

lle(-40)Phe 

gATC-TTC 


actaatcgaccttaccactttcacaAtctGctaGcaaaggtta 
tgcagcgcgtgaacatgatcatggcagaatcaccaggcctca 
tcaccatctgcci i i iaggatatctactcagtgctg 


2768 




cagcactgagtagatatcctaaaaggcagatggtgatgaggc 
ctggtgattctgccatgatcatgttcacgcgctgcataacctt 
tgctagcagattgtgaaagtggtaaggtcgattagt 


2769 




tgaacatgatcatggca 


2770 




TGCCATGATCATGTTCA 


2771 


Haemophilia B 

Arg(-44)His 

CGC-CAC 


actttggtacaactaatcgaccttaccactttcacaatctgct 

AGCAAAGGTTATGCAGCGCGTGAACATGATCATGGCAGAATC 
ACCAGGCCTCATCACCATCTGCCTTTTAGGATATCT 


2772 




AGATATCCTAAAAGGCAGATGGTGATGAGGCCTGGTGATTCT 
GCCATGATCATGTTCACGCGCTGCATAACCTTTGCTAGCAGA 
TTGTGAAAGTGGTAAGGTCGATTAGTTGTACCAAAGT 


2773 




TATGCAGCGCGTGAACA 


2774 




TGTTCACGCGCTGCATA 


2775 


EXAMPLE 15 
Afoha thalassemia • Hemoqlobin aloha locus 1 



The thalassemia syndromes are a heterogeneous group of inherited anemias 
characterized by defects in the synthesis of one or more globin chain subunits. For example, beta- 
thalassemia discussed in Example 6, is caused by a decrease in beta-chain production relative to alpha- 
chain production; the converse is the case for alpha-thalassemia. The attached table discloses the 
correcting oligonucleotide base sequences for the hemoglobin alpha locus 1 oligonucleotides of the 
invention. 
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Correcting Oligos 


SEQID 
NO: 


Thalassaemia alpha 

Met(-1)Val 

cATG-GTG 


CCCTGGCGCGCTCGCGGCCCGGCACTCTTCTGGTCCCCACA 

GACTCAGAGAGAACCCACCATGGTGCTGTCTCCTGCCGACA 

AGACCAACGTCAAGGCCGCCTGGGGTAAGGTCGGCGCGC 


2776 


GCGCGCCGACCTTACCCCAGGCGGCCTTGACGTTGGTCTTG 

TCGGCAGGAGACAGCACCATGGTGGGTTCTCTCTGAGTCTGT 

GGGGACCAGAAGAGTGCCGGGCCGCGAGCGCGCCAGGG 


2777 


AACCCACCATGGTGCTG 


2778 


CAGCACCATGGTGGGTT 


2779 


Haemoglobin variant 

Ala12Asp 

GCC-GAC 


CACAGACTCAGAGAGAACCCACCATGGTGCTGTCTCCTGCC 

GACAAGACCAACGTCAAGGCCGCCTGGGGTAAGGTCGGCGC 

GCACGCTGGCGAGTATGGTGCGGAGGCCCTGGAGAGGTG 


2780 


CACCTCTCCAGGGCCTCCGCACCATACTCGCCAGCGTGCGC 
GCCGACCTTACCCCAGGCGGCCTTGACGTTGGTCTTGTCGG 
CAGGAGACAGCACCATGGTGGGTTCTCTCTGAGTCTGTG 


2781 


CGTCAAGGCCGCCTGGG 


2782 


CCCAGGCGGCCTTGACG 


2783 


Haemoglobin variant 

Gly15Asp 

GGT-GAT 


AGAGAGAACCCACCATGGTGCTGTCTCCTGCCGACAAGACCA 

ACGTCAAGGCCGCCTGGGGTAAGGTCGGCGCGCACGCTGG 

CGAGTATGGTGCGGAGGCCCTGGAGAGGTGAGGCTCCCT 


2784 


AGGGAGCCTCACCTCTCCAGGGCCTCCGCACCATACTCGCC 
AGCGTGCGCGCCGACCTTACCCCAGGCGGCGTTGACGTTGG 
TCTTGTCGGCAGGAGACAGCACCATGGTGGGTTCTCTCT 


2785 


CGCCTGGGGTAAGGTCG 


2786 


CGACCTTACCCCAGGCG 


2787 


Haemoglobin variant 

Tyr24Cys 

TAT-TGT 


ctgccgacaagaccaacgtcaaggccgccTgggGtaAggtc 
ggcgcgcacgctggcgagtatggtgcggaggccctggaga 
ggtgaggctccctcccctgctccgacccgggctcctcgcc 


2788 


GGCGAGGAGCCCGGGTCGGAGCAGGGGAGGGAGCCTCACC 
TCTCCAGGGCCTCCGCACCATACTCGCCAGCGTGCGCGCCG 
ACCTTACCCCAGGCGGCCTTGACGTTGGTCTTGTCGGCAG 


2789 


TGGCGAGTATGGTGCGG 


2790 


CCGCACCATACTCGCCA 


2791 


Haemoglobin variant 

Glu27Asp 

GAGg-GAT 


GACCAACGTCAAGGCCGCCTGGGGTAAGGTCGGCGCGCAC 
GCTGGCGAGTATGGTGCGGAGGCCCTGGAGAGGTGAGGCT 

CCCTCCCCTGCTCCGACCCGGGCTCCTCGCCCGCCCGGAC 
C 


2792 


GGTCCGGGCGGGCGAGGAGCCCGGGTCGGAGCAGGGGAG 
GGAGCCTCACCTCTCCAGGGCCTCCGCACCATACTCGCCAG 
CGTGCGCGCCGACCTTACCCCAGGCGGCCTTGACGTTGGTC 


2793 


GGTGCGGAGGCCCTGGA 


2794 




2795 
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Clinical PhenotypJ&l 
, Mutation ' < 


Correcting Ol.gos , . ; , « . 


SEQld 


Haemoglobin variant 

Asn68Lys 

AACg-AAG 


GAGCCACGGCTCTGCCCAGGTTMGGGCCACGGCAAGAAGG 

TGGCCGACGCGCTGACCAACGCCGTGGCGCACGTGGACGA 

CATGCCCAACGCGCTGTCCGCCCTGAGCGACCTGCACGCG 




CGCGTGCAGGTrGrTrAfiGGrGfiAPAfirGrfSTTftfiftrATC 

TCGTCCACGTGCGCCACGGCGTTGGTCAGCGCGTCGGCCAC 
C7TCTTGCCGTGGCCCTTAACCTGGGCAGAGCCGTGGCTC 


9707 


PTfs a pp a a pfjpp/rn^p 


07nn 

2798 


gppapggpgttggtpag 


0700 

z/yy 


Haemoalobin variant 

1 IMV 1 Iw MlVWII 1 VvU IMI 11 

Asp74Gly 
GAC-GGC 


AGGTTMGGGCCACGGCMGAAGGTGGCCfiAPGPGPTGA(V 
AACGCCGTGGCGCACGTGGACGACATGCCCAACGCGCTGTC 
CGCCCTGAGCGACCTGCACGCGCACAAGCTTCGGGTGGA 


9R00 


TnCAPnCGAAfif TTGTGPGr , GTGr > Af3GTmr'Tr v Af2<^r'r > r , Pfl 

CAGCGCGTTGGGCATGTCGTCCACGTGCGCCACGGCGTTGG 
TCAGCGCGTCGGCCACCTTCTTGCCGTGGCCCTTAACCT 


9ftfi1 


GPAPGTGGAPGAPATfiP 


zoUZ 


GPATGTPGTPPAPnTGP 


zoUo 


Haemoalobin variant 

Asp74His 

gGAC-CAC 


CAGGTTMGGGCCACGGCAAGAAGGTGGPnGAPGPGPTftAP 
CAACGCCGTGGCGCACGTGGACGACATGCCCAACGCGCTGT 
CCGCCCTGAGCGACCTGCACGCGCACAAGCTTCGGGTGG 


9R0A 
cOVt 


PP APPPft A AftPTTCTftPftPfTrnsP a fifTTPPPTP a r^nnrnn a r> 

AGCGCGTTGGGCATGTCGTCCACGTGCGCCACGGCGTTGGT 
CAGCGCGTCGGCCACCTTCTTGCCGTGGCCCTTAACCTG 


zoUo 


PftPAPfiTCfiAPftAPATft 


28QO 


PATf^TPCTPPAP^TriPr: 


OD/Y7 

2607 


Haemoolobin variant 

i loci i iL/yivuti i vciiigiii 

Asn78His 
cAAC-CAC 


PAPGGPAAGAAGGTGGPPftAPfiPnPTftAPPAAPfSPP/TrfZP 

CGCACGTGGACGACATGCCCAACGCGCTGTCCGCCCTGAGC 
GACCTGCACGCGCACAAGCTTCGGGTGGACCCGGTCAACT 


ZoUo 


AGTTGAfi^GGftT^^ > A^^^G&AG^■TT^5Tf^f x of N f5T^!r N A^'r;Tr v ^ , 

CTCAGGGCGGACAGCGCGTTGGGCATGTCGTCCACGTGCGC 
CACGGCGTTGGTCAGCGCGTCGGCCACCTTCTTGCCGTG 


zouy 


ACATGrnrAAPGPGrTG 

Awn 1 UvUvMnuOvUv 1 v3 


0Q1A 

ZolU 


CAGCGCGTTGGGPATGT 


ZO II 


ndcMiuyiuuiii vdildill 

His87Tyr 
gCAC-TAC 


appa APf^ppr^Tr^npr^PAPPTPfT! app Ar* ATrr^pp a appoppt " 

GTCCGCCCTGAGCGACCTGCACGCGCACAAGCTTCGGGTGG 
ACCCGGTCAACTTCAAGGTGAGCGGCGGGCCGGGAGCGA 


2812 


TCGCTCCCGGCCCGnCGCTCAnrTTGAAGTTGArrGGGTrr 
ACCCGAAGCTTGTGCGCGTgCAGGTCGCTCAGGGCGGACAG 
CGCGTTGGGCATGTCGTCCACGTGCGCCACGGCGTTGGT 


ZO 10 


GCGACCTGCACGCGCAC 


2814 


GTGCGCGTGCAGGTCGC 


2815 


Haemoglobin variant 

Lys90Asn 

AAGc-AAC 


GGCGCACGTGGACGACATGCCCAACGCGCTGTCCGCCCTGA 
GCGACCTGCACGCGCACAAG.CTTCGGGTGGACCCGGTCAAC 
TTCAAGGTGAGCGGCGGGCCGGGAGCGATCTGGGTCGAG 


2816 
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• 

CKnicalPhenotype& 


!;, .., I; co^n 9 on 9 os •;, 


SEQID 

; NO; 




CTCGACCCAGATCGCTCCCGGCCCGCCGCTCACCTTGAAGT 
TGACCGGGTCCACCCGAAGCTTGTGCGCGTGCAGGTCGCTC 
AGGGCGGACAGCGCGTTGGGCATGTCGTCCACGTGCGCC 


2817 


GCGCACAAGCTTCGGGT 


2818 


ACCCGAAGCTTGTGCGC 


2819 


Haemoglobin variant 

Lys90Thr 

MG-ACG 


TGGCGCACGTGGACGACATGCCCAACGCGCTGTCCGCCCTG 
AGCGACCTGCACGCGCACAAGCTTCGGGTGGACCCGGTCAA 
CTTCAAGGTGAGCGGCGGGCCGGGAGCGATCTGGGTCGA 


2820 


TCGACCCAGATCGCTCCCGGCCCGCCGCTCACCTTGAAGTT 

GACCGGGTCCACCCGMGCTTGTGCGCGTGCAGGTCGCTCA 

GGGCGGACAGCGCGTTGGGCATGTCGTCCACGTGCGCCA 


2821 


CGCGCACAAGCTTCGGG 


2822 


GCCGMGCTTGTGCGCG 


2823 


Haemoglobin variant 

Arg92Gln 

CGG-CAG 


ACGTGGACGACATGCCCAACGCGCtGTCCGCCCTGAGCGAC 

CTGCACGCGCACAAGCTTCGGGTGGACCCGGTCAACTTCAA 

GGTGAGCGGCGGGCCGGGAGCGATCTGGGTCGAGGGGCG 


2824 


CGCCCCTCGACCCAGATCGCTCCCGGCCCGCCGCTCACCTT 
GMGTTGACCGGGTCCACCCGAAGCTTGTGCGCGTGCAGGT 
CGCTCAGGGCGGACAGCGCGTTGGGCATGTCGTCCACGT 


2825 


CMGCTTCGGGTGGACC 


2826 


GGTCCACCCGAAGCTTG 


2827 


Haemoglobin variant 

Asp94Gly 

GAC-GGC 


acgacatgcccaaCgcgCtgtccgccctgagcgacctgcac 
gcgcacaagcttcgggtggacccggtcaacttcaaggtgag 
cggcgggccgggagcgatctgggtcgaggggcgagatgg ! 


2828 


CCATCTCGCCCCTCGACCCAGATCGCTCCCGGCCCGCCGCT 

CACCTTGAAGTTGACCGGGTCCACCCGAAGCTTGTGCGCGT 

GCAGGTCGCTCAGGGCGGACAGCGCGTTGGGCATGTCGT 


2829 


TCGGGTGGACCCGGTCA 


2830 


TGACCGGGTCCACCCGA 


2831 


Haemoglobin variant 

Pro95Arg 

CCG-CGG 


ACATGCCCAACGCGCTGTCCGCCCTGAGCGACCTGCACGCG ' 

CACAAGCTTCGGGTGGACCCGGTCAAC7TCAAGGTGAGCGG 

CGGGCCGGGAGCGATCTGGGTCGAGGGGCGAGATGGCGC 


2832 


GCGCCATCTCGCCCCTCGACCCAGATCGCTCCCGGCCCGCC 

GCTCACCTTGAAGTTGACCGGGTCCACCCGAAGCITGTGCG 

CGTGCAGGTCGCTCAGGGCGGACAGCGCGTTGGGCATGT 


2833 


GGTGGACCCGGTCAACT 


2834 


AGTTGACCGGGTCCACC 


2835 


Haemoglobin variant 

Ser102Arg 

AGCc-AGA 


CGGCGGCTGCGGGCCTGGGCCCTCGGCCCCACTGACCCTC" 

TTCTCTGCACAGCTCCTAAGCCACTGCCTGCTGGTGACCCTG 

GCCGCCCACCTCCCCGCCGAGnCACCCCTGCGGTGCAC 


2836 




GTGCACCGCAGGGGTGAACTCGGCGGGGAGGTGGGCGGCC 
AGGGTCACCAGCAGGCAGTGGCTTAGGAGCTGTGCAGAGM 
GAGGGTCAGTGGGGCCGAGGGCCCAGGCCCGCAGCCGCCG 


2837 




CTCCTAAGCCACTGCCT 


2838 I 
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CHnicalPhenotypeA 

, . Mutations 


■ 


filQiD 
; NO: 




AGGCAGTGGCTTAGGAG 


2839 


Haemoglobin variant 

Glu116Lys 

cGAG-AAG 


TTCTCTGCACAGCTCCTAAGCCACTGCCTGCTGGTGACCCTG 
GCCGCCCACCTCCCCGCCGAGTTCACCCCTGCGGTGCACGC 
CTCCCTGGACAAGTTCCTGGCTTCTGTGAGCACCGTGC 


2840 


GCACGGTGCTCACAGAAGCCAGGAACTTGTCCAGGGAGGCG 
TGCACCGCAGGGGTGAACTCGGCGGGGAGGTGGGCGGCCA 
GGGTCACCAGCAGGCAGTGGCTTAGGAGCTGTGCAGAGAA 


9RA1 


TCCCCGCCGAGTTCACC 

1 WWW WWW WW/\V^ 1 1 vnww 


9ftA9 


GGTGAACTCGGCGGGGA 




Haemoglobin variant 

Ala120Glu 

GCG-GAG 


TCCTAAGCCACTGCCTGCTGGTGACCCTGGCCGCCCACCTC 
CCCGCCGAGTTCACCCCTGCGGTGCACGCCTCCCTGGACAA 
GTTCCTGGCTTCTGTGAGCACCGTGCTGACCTCCAAATA 


2fl44 

tUTt 


TATTTGGAGGTCAGCACGGTGCTCACAGAAGCCAGGAACTTG 
TCCAGGGAGGCGTGCACCGCAGGGGTGAACTCGGCGGGGA 
GGTGGGCGGCCAGGGTCACCAGCAGGCAGTGGCTTAGGA 


9fi4*> 


CACCCCTGCGGTGCACG 


9ft4fi 


CGTGCACCGCAGGGGTG 1 


9A47 


Thalassaemia alpha 

Leu129Pro 

CTG-CCG 


TGGCCGCCCACCTCCCCGCCGAGTTCACCCCTGCfiGTCrAn 
GCCTCCCTGGACMGTTCCTGGCTTCTGTGAGCACCGTGCTG 
ACCTCCAAATACCGTTMGCTGGAGCCTCGGTGGCCAT 




ATGGCCACCGARGrTrinARrTTAArRRTATTTRRARRTPAfir 

ACGGTGCTCACAGAAGCCAGGAACTTGTCCAGGGAGGCGTG 
CACCGCAGGGGTGAACTCGGCGGGGAGGTGGGCGGCCA 


9AAQ 


CAAGTTCCTGGCTTCTG 

vnnv I 1 WW I www 1 1 w i w 




CAGAAGCCAGGAACTTG 


9RR1 
ZOO I 


Haemoglobin variant 

Arg141Leu 

CGT-CTT 


TGCACGCCTCCCTGGACAAGTTCCTGGCTTCTGTGAGCACCG 
TGCTGACCTCCAAATACCGTTAAGCTGGAGCCTCGGTGGCCA 
TGCTTCnGCCCCTTGGGCCTCCCCCCAGCCCCTCCT 


2852 1 


AGGAGGGGCTGGGGGGAGGCCCAAGGGGCAAGAAGCATGG 

CCACCGAGGCTCCAGCTTAACGGTATTTGGAGGTCAGCACG 

GTGCTCACAGAAGCCAGGAACTTGTCCAGGGAGGCGTGCA 


2853 


CAAATACCGTTAAGCTG 


2854 


CAGCTTAACGGTATTTG 


2855 



EXAMPLE 16 
Alpha-thalassemia - Hemoglobin alpha locus 2 

The attached table discloses the correcting oligonucleotide base sequences for the 
hemoglobin alpha locus 2 oligonucleotides of the invention. 
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Table 23 

HBA2 Mutations and Genome-Correcting Oliqos 







SEQID 

m 


Thalassaemia alpha 

Met(-1)Thr 

ATG-ACG 


CCTGGCGCGCTCGCGGGCCGGCACTCTTCTGGTCCCCACAG 
ACTCAGAGAGAACCCACCATGGTGCTGTCTCCTGCCGACAAG 
ACCAACGTCAAGGCCGCCTGGGGTAAGGTCGGCGCGCA 


2856 


TGCGCGCCGACCTTACCCCAGGCGGCCTTGACGTTGGTCTT 
GTCGGCAGGAGACAGCACCATGGTGGGTTCTCTCTGAGTCT 
GTGGGGACCAGAAGAGTGCCGGCCCGCGAGCGCGCCAGG 


2857 


ACCCACCATGGTGCTGT 


2858 


ACAGCACCATGGTGGGT 


2859 


Haemoglobin variant 

Ala12Asp 

GCC-GAC 


CACAGACTCAGAGAGMCCCACCAtGGTGCTGTCTCCTGCC 

GACAAGACCAACGTCAAGGCCGCCTGGGGTAAGGTCGGCGC 

GCACGCTGGCGAGTATGGTGCGGAGGCCCTGGAGAGGTG 


2860 


CACCTCTCCAGGGCCTCCGCACCATACTCGCCAGCGTGCGC 
GCCGACCTTACCCCAGGCGGCCTTGACGTTGGTCTTGTCGG 
CAGGAGACAGCACCATGGTGGGTTCTCTCTGAGTCTGTG 


2861 


CGTCAAGGCCGCCTGGG 


2862 


CCCAGGCGGCCTTGACG 


2863 I 


Haemoglobin variant 

Lys16Glu 

tAAG-GAG 


AGAGAACCCACCATGGTGCTGTCTCCTGCCGACAAGACCAAC 

GTCAAGGCCGCCTGGGGTAAGGTCGGCGCGCACGCTGGCG 

AGTATGGTGCGGAGGCCCTGGAGAGGTGAGGCTCCCTCC 


2864 


GGAGGGAGCCTCACCTCTCCAGGGCCTCCGCACCAtACTCG 
CCAGCGTGCGCGCCGACCTTACCCCAGGCGGCCTTGACGTT 
GGTCTTGTCGGCAGGAGACAGCACCATGGTGGGTTCTCT 


2865 


CCTGGGGTAAGGTCGGC 


2866 


GCCGACCTTACCCCAGG 


2867 


Haemoglobin variant 

His20Gln 

CACg-CAA 


GGTGCTGTCTCCTGCCGACAAGACCAACGTCAAGGCCGCCT 
GGGGTAAGGTCGGCGCGCACGCTGGCGAGTATGGTGCGGA 
GGCCCTGGAGAGGTGAGGCTCCCTCCCCTGCTCCGACCCG 


2868 


CGGGTCGGAGCAGGGGAGGGAGCCTCACCTCTCCAGGGCC 
TCCGCACCATACTCGCCAGCGTGCGCGCCGACCTTACCCCA 
GGCGGCCTTGACGTTGGTCTTGTCGGCAGGAGACAGCACC 


2869 


obL.bUbL.ALbU IbGCGA 


2870 


TCGCCAGCGTGCGCGCC 


2871 


Haemoglobin variant 

Glu27Asp 

GAGg-GAC 


GACCAACGTCAAGGCCGCCTGGGGTAAGGTCGGCGCGCAC 

GCTGGCGAGTATGGTGCGGAGGCCCTGGAGAGGTGAGGCT 

CCCTCCCCTGCTCCGACCCGGGCTCCTCGCCCGCCCGGAC 
C 


2872 


GGTCCGGGCGGGCGAGGAGCCCGGGTCGGAGCAGGGGAG 
GGAGCCTCACCTCTCCAGGGCCTCCGCACCATACTCGCCAG 
CGTGCGCGCCGACC7TACCCCAGGCGGCCTTGACGTTGGTC 


2873 


GGTGCGGAGGCCCTGGA 


2874 




2875 
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' j - Cofrectina OliDOS ■ I SEQ ID 


Thalassaemia atoha 

Leu29Pro 

CTG-CCG 


acgtcaaggccgcctggggtaaggtcggcgcgcacgCtGg 

cgagtatggtgcggaggccctggagaggtgaggctccctcc 

cctgctccgacccgggctcctcgcccgcccggacccacag 


2876 


CTGTGGGTCCGGGCGGGCGAGGAGCCCGGGTCGGAGCAGG 
GGAGGGAGCCTCACCTCTCCAGGGCCTCCGCACCATACTCG 
CCAGCGTGCGCGCCGACCTTACCCCAGGCGGCCTTGACGT 


2877 


GGAGGCCCTGGAGAGGT 


2878 


ACCTCTCCAGGGCCTCC 


2879 


Haemoalohin variant 

Asp47His 

cGAC-CAC 


GCTTCTCCCCGCAGGATGTTCCTGTCCTTCCCCACCACCAAG 

ACCTACTTCCCGCACTTCGACCTGAGCCACGGCTCTGCCCA 

GGTTAAGGGCCACGGCAAGAAGGTGGCCGACGCGCTGA 


2880 


TCAGCGCGTCGGCCACCTTCTTGCCGTGGCCCTTAACCTGG 
GCAGAGCCGTGGCTCAGGTCGAAGTGCGGGAAGTAGGTCTT 
GGTGGTGGGGAAGGACAGGAACATCCTGCGGGGAGAAGC 


2881 


CGCACTTCGACCTGAGC 


2882 


GCTCAGGTCGAAGTGCG 


2883 


Hapmnnlnhin variant 

Leu48Arg 

CTG-CGG 


ctccccgcaggatgttcctgtccttccCcaccaccaaGacct 

ACTTCCCGCACTTCGACCIGAGCCACGGCTCTGCCCAGGTTA 
AGGGCCACGGCAAGAAGGTGGCCGACGCGCTGACCAA 


2884 


TTGGTCAGCGCGTCGGCCACCTTCTTGCCGTGGCCCTTAAC 
CTGGGCAGAGCCGTGGCTCAGGTCGAAGTGCGGGAAGTAG 
GTCTTGGTGGTGGGGAAGGACAGGAACATCCTGCGGGGAG 


2885 


CTTCGACCIGAGCCACG 


2886 


CGTGGCTCAGGTCGMG 


2887 


Hapmnnlnhin variant 

Gln54Glu 
cCAG-GAG 


CTGTCCTTCCCCACCACCAAGACCTACTTCCCGCACTTCGAC 
CTGAGCCACGGCTCTGCCCAGGTTAAGGGCCACGGCAAGAA 
GGTGGCCGACGCGCTGACCAACGCCGTGGCGCACGTGG 


2888 


CCACGTGCGCCACGGCGTTGGTCAGCGCGTCGGCCACCTTC 
TTGCCGTGGCCCTTAACCTGGGCAGAGCCGTGGCTCAGGTC 
GAAGTGCGGGAAGTAGGTCTTGGTGGTGGGGAAGGACAG 


2889 


GCTCTGCCCAGGTTAAG 


2890 


CTTAACCTGGGCAGAGC 


2891 


Haemoalobin variant 

Gly59Asp 

GGC-GAC 


CCAAGACCTACTTCCCGCACTTCGACCTGAGCCACGGCTCTG 

CCCAGGTTAAGGGCCACGG.CAAGMGGTGGCCGACGCGCT 

GACCAACGCCGTGGCGCACGTGGACGACATGCCCAACGC 


2892 " 


GCGTTGGGCATGTCGTCCACGTGCGCCACGGCGTTGGTCAG 
CGCGTCGGCCACCTTCTTGCCGTGGCCCTTAACCTGGGCAG 
AGCCGTGGCTCAGGTCGAAGTGCGGGAAGTAGGTCTTGG 


2893 


GGGCCACGGCMGAAGG 


2894 


CCTTCTTGCCGTGGCCC 


2895 


Haemoglobin variant 

Asn68Lys 

AACn-AAR 


GAGCCACGGCtCTGCCCAGGnAAGGGCCACGGCAAGAAGG 

TGGCCGACGCGCTGACCAACGCCGTGGCGCACGTGGACGA 

CATGCCCAACGCGCTGTCCGCCCTGAGCGACCTGCACGCG 


2896 
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CfinicalPhenotype& 


Correcting Oligos ' 


SEQIO 

UQi 




CGCGTGCAGGTCGCTCAGGGCGGACAGCGCGTTGGGCATG 

TCGTCCACGTGCGCCACGGCGTTGGTCAGCGCGTCGGCCAC 

CTTCTTGCCGTGGCCCTTAACCTGGGCAGAGCCGTGGCTC 


2897 


CTGACCAACGCCGTGGC 


2898 


GCCACGGCGTTGGTCAG ~~ ~ 


289Q 


Haemoglobin variant 

Asn68Lys 

AACg-AAA 


GAGCCACGGCTCTGCCCAGGTTAAGGGCCACGGCAAGAAGG 

TGGCCGACGCGCTGACCAACGCCGTGGCGCACGTGGACGA 

CATGCCCAACGCGCTGTCCGCCCTGAGCGACCTGCACGCG 


2900 


CGCGTGCAGGTCGCTCAGGGCGGACAGCGCGTTGGGCATG 

TCGTCCACGTGCGCCACGGCG7TGGTCAGCGCGTCGGCCAC 

CTTCTTGCCGTGGCCCTTAACCTGGGCAGAGCCGTGGCTC 


2901 


CTGACCAACGCCGTGGC 


2902 


GCCACGGCGTTGGTCAG 


2903 


Haemoglobin variant 

Asn78Lys 

AACg-AAA 


CGGCAAGAAGGTGGCCGACGCGCTGACCAACGCCGTGGCG 
CACGTGGACGACATGCCCAACGCGCTGTCCGCCCTGAGCGA 
CCTGCACGCGCACAAGCTTCGGGTGGACCCGGTCAACTTC 


2904 


GAAGTTGACCGGGTCCACCCGAAGCTTGTGCGCGTGCAGGT 
CGCTCAGGGCGGACAGCGCGTTGGGCATGTCGTCCACGTGC 
GCCACGGCGTTGGTCAGCGCGTCGGCCACCTTCTTGCCG 


2905 


ATGCCCAACGCGCTGTC 


2906 


GACAGCGCGTTGGGCAT 


2907 


Haemoglobin variant 

Asp85Val 

GAC-GTC 


CGCTGACCAACGCCGTGGCGCACGTGGACGACATGCCCAAC 
GCGCTGTCCGCCCTGAGCGACCTGCACGCGCACAAGCTTCG 
GGTGGACCCGGTCAACTTCAAGGTGAGCGGCGGGCCGGG 


2908 


CCCGGCCCGCCGCTCACCTTGAAGTTGACCGGGTCCACCCG 
AAGCTTGTGCGCGTGCAGGTCGCTCAGGGCGGACAGCGCGT 
TGGGCATGTCGTCCACGTGCGCCACGGCGTTGGTCAGCG 


2909 


CCTGAGCGACCTGCACG 


2910 


CGTGCAGGTCGCTCAGG 


2911 i 


Haemoglobin variant 

Lys90Asn 

AAGc-AAT 


GGCGCACGTGGACGACATGCCCAACGCGCTGTCCGCCCTGT 

GCGACCTGCACGCGCACAAGCTTCGGGTGGACCCGGTCAAC 

TTCAAGGTGAGCGGCGGGCCGGGAGCGATCTGGGTCGAG 


2912 


CTCGACCCAGATCGCTCCCGGCCCGCCGCTCACCTTGAAGT 
TGACCGGGTCCACCCGAAGCTTGTGCGCGTGCAGGTCGCTC 
AGGGCGGACAGCGCGTTGGGCATGTCGTCCACGTGCGCC 


2913 


GCGCACAAGCTTCGGGT 


2914 


ACCCGAAGCTTGTGCGC 


2915 


Haemoglobin variant 

Asp94His 

gGAC-CAC 


GACGACATGCCCAACGCGCTGTCCGCCCTGAGCGACCTGCA 
CGCGCACAAGCTTCGGGTGGACCCGGTCAACTTCAAGGTGA 
GCGGCGGGCCGGGAGCGATCTGGGTCGAGGGGCGAGATG 


2916 


CATCTCGCCCCTCGACCCAGATCGCTCCCGGCCCGCCGCTC 

ACCTTGAAGTTGACCGGGTCCACCCGAAGCTTGTGCGCGTG 

CAGGTCGCTCAGGGCGGACAGCGCGTTGGGCATGTCGTC 


2917 




TTCGGGTGGACCCGGTC 


2918 
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SEQID 

NO: 




fSAPP^fwrppAppp^A a 

oAL»Uooo 1 UOAL»OL»oAA 


101 Q 

zyiy 


Hapmnflfnhin variant 
nacii luyiuuiii vol lain 

Pro95Leu 
CCG-CTG 


n\sr\\ OoOV^rvv^OOOO 1 O I \ OMOwOttuO 1 OvAlsOLtO 

CACAAGCTTCGGGTGGACCCGGTCAACTTCAAGGTGAGCGG 
CGGGCCGGGAGCGATCTGGGTCGAGGGGCGAGATGGCGC 


9Q97T ~ 


fw^pp atptpppppptpp a ppp a p a Trp^Tppprpp^o^^p 
ovo wOA 1 u 1 UoUUL/U i OoAoUOAoA I 1 UOuobULLGCyL 

GCTCACCTTGAAGTTGACCGGGTCCACCCGAAGCTTGTGCG 
CGTGCAGGTCGCTCAGGGCGGACAGCGCGTTGGGCATGT 


2921 


^/rn^/^APPPf^TP a a pt 
oo 1 ooAuOOoo 1 UAAL> 1 


OQOO 


Ao 1 1 oAuoboo 1 ouAuu 


OQOO 

292o \ 


Hapmnnlohin variant 

Ser102Arg 
aAGC-CGC 


1 nOV/uUnOvOuObOuU 1 Ol/OOOv/O 1 OUUUbOUML/ 1 onUUU 

TCTTCTCTGCACAGCTCCTAAGCCACTGCCTGCTGGTGACCC 
TGGCCGCCCACCTCCCCGCCGAGTTCACCCCTGCGGTGC 


9Q9A 


^PAPP^PA^^ft^T^AAPTP^fiPP^f^Af^TCPPPPPPPA^ 
oUALfOouAoooo 1 oAAU 1 UooUooooAoo 1 oooUooubAo 

GGTCACCAGCAGGCAGTGGCTTAGGAGCTGTGCAGAGAAGA 
GGGTCAGTGCGGCCCAGGCCCGCAGCCGCCGCCTGCGCTA 


OGOC 


AGCTCCTAAGCCACTGC 


2926 


A PTPPPTT APP APPT 

oUAo 1 ooO£ 1 AooAoU I i 


2927 


naernuyiuDin n aiscabc 

Cys104Tyr 

TGC-TAC 


nc^rc^c^rcic^rT(^rci(2fir k rTCic^rirr < rir a pYf^ a ppptpItptpt" 

OOUOOlsOOlr 1 OVsOOOlrO 1 OOOVAsOlrALr 1 OAULrLr 1 O 1 1 L» 1 b 1 

GCACAGCTCCTAAGCCACTGCCTGCTGGTGACCCTGGCCGC 
CCACCTCCCCGCCGAGTTCACCCCTGCGGTGCACGCCTC 


Z92B 


bAbbUb 1 bOAL.L.bOAbbbb 1 bAAb 1 bbbbbbbbAbbTbbb 

CGGCCAGGGTCACCAGCAGGCAGTGGCTTAGGAGCTGTGCA 
GAGAAGAGGGTCAGTGCGGCCCAGGCCCGCAGCCGCCGCC 


onon 

2929 


A A /"W^ A PTP PPTPPTP/^ 


2930 


OLAouAooCAGTGoCTT 


2931 


naernogioujn vanam 

Ala111Val 

GCC-GTC 


PP^PAPT^APPPTPTTPTPTY^PAPAPPTPPTA APPPAPTPpP 

LrU oLrAU 1 oAUUO 101 1 0 1 Lr 1 ol/ALf AoU 1 1 AAoULAo 1 bUU 

TGCTGGTGACCCTGGCCGCCCACCTCCCCGCCGAGTTCACC 
CCTGCGGTGCACGCCTCCCTGGACAAGTTCCTGGCTTC 


OQOO 

2yo2 


bAAblA/AbbAAL 1 1 b 1 UbAbbbAbbOb 1 bOAbbbLAbbbbT 

GAACTCGGCGGGGAGGTGGGCGGCCAGGGTCACCAGCAGG 
CAGTGGCTTAGGAGCTGTGCAGAGAAGAGGGTCAGTGCGG 


OOOI 

2933 


PPTY^PPfiPPPAPPTPP 
L»Lr 1 ooOOoUOOAVyO 1 UL» 


0O0VI 


ooAoo 1 ooobooLruAoo 


OQOC 
CVOO 


Haomrvitnhin variant 
ndcM luyiuuill VdlldiU 

Ala120Glu 
GCG-GAG 


TPPTAAnPPAPTftPPTf^PTfiQTf^APPPTf^PPflPPPAPPTP 
1 OO 1 nttOOOrVO 1 OOO 1 OO 1 OO 1 OnUOO 1 ObUljUuUUnUO 1 O 

CCCGCCGAGTTCACCCCTGCGGTGCACGCCTCCCTGGACAA 
GTTCCTGGCTTCTGTGAGCACCGTGCTGACCTCCAAATA 


OQOG 
£900 


TATTT(^CA^fiTP AftP APft(iTf2PTP AP hfl A Af^PP AP(2AAPTTP 
1 A\ 1 11 ooAoo 1 OAoOAOoo 1 oO 1 OAOAoAAoOOAooAAO 1 1 o 

TCCAGGGAGGCGTGCACCGCAGGGGTGAACTCGGCGGGGA 
GGTGGGCGGCCAGGGTCACCAGCAGGCAGTGGCTTAGGA 


0Q07 


CACCCCTGCGGTGCACG 


2938 


CGTGCACCGCAGGGGTG 


2939 


Haemoglobin variant 

His122Gln 

CACg-CAG 


CCACTGCCTGCTGGTGACCCTGGCCGCCCACCTCCCCGCCG 

AGTTCACCCCTGCGGTGCACGCCTCCCTGGACAAGTTCCTG 

GCTTCTGTGAGCACCGTGCTGACCTCCAAATACCGTTAA 


2940 | 
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TTAACGGTATTTGGAGGTCAGCACGGTGCTCACAGMGCCAG 
GAACTTGTCCAGGGAGGCGTGCACCGCAGGGGTGAACTCGG 
CGGGGAGGTGGGCGGCCAGGGTCACCAGCAGGCAGTGG 


2941 


GCGGTGCACGCCTCCCT 


2942 


AGGGAGGCGTGCACCGC 


2943 


Haemoglobin variant 

Ala123Ser 

cGCC-TCC 


CACTGCCTGCTGGTGACCCTGGCCGCCCACCTCCCCGCCGA 

GTTCACCCCTGCGGTGCACGCCTCCCTGGACAAGTTCCTGG 

CTTCTGTGAGCACCGTGCTGACCTCCAAATACCGTTAAG 


2944 


CTTAACGGTATTTGGAGGTCAGCACGGTGCTCACAGAAGCCA 
GGAACTTGTCCAGGGAGGCGTGCACCGCAGGGGTGAACTCG 
GCGGGGAGGTGGGCGGCCAGGGTCACCAGCAGGCAGTG 


2945 


CGGTGCACGCCTCCCTG 


2946 


CAGGGAGGCGTGCACCG 


2947 


Thalassaemia alpha 

Leu125Pro 

CTG-CCG 


TGCTGGTGACCCTGGCCGCCCACCTCCCCGCCGAGTTCACC 

CCTGCGGTGCACGCCTCCCTGGACAAGTTCCTGGCTTCTGT 

GAGCACCGTGCTGACCTCCAAATACCGTTAAGCTGGAGC 


2948 


GCTCCAGCTTAACGGTATTTGGAGGTCAGCACGGTGCTCACA 

GAAGCCAGGAACTTGTCCAGGGAGGCGTGCACCGCAGGGG 

TGAACTCGGCGGGGAGGTGGGCGGCCAGGGTCACCAGCA 


2949 


CGCCTCCCTGGACAAGT I 


2950 


ACTTGTCCAGGGAGGCG 


2951 


Haemoglobin variant 

Ser131Pro 

tTCT-CCT 


GCCCACCTCCCCGCCGAGTTCACCCCTGCGGTGCACGCCTC 
CCTGGACAAGTTCCTGGCTTCTGTGAGCACCGTGCTGACCTC 
CAAATACCGTTAAGCTGGAGCCTCGGTAGCCGTTCCTC 


2952 


GAGGAACGGCTACCGAGGCTCCAGCTTAACGGTATTTGGAG 
GTCAGCACGGTGCTCACAGAAGCCAGGAACTTGTCCAGGGA 
GGCGTGCACCGCAGGGGTGAACTCGGCGGGGAGGTGGGC 


2953 


TCCTGGCTTCTGTGAGC 


2954 


GCTCACAGAAGCCAGGA 


2955 


Haemoglobin variant 

Leu136Met 

gCTG-ATG 


GAGTTCACCCCTGCGGTGCACGCCTCCCTGGACAAGTTCCT 
GGCTTCTGTGAGCACCGTGCTGACCTCCAAATACCGTTAAGC 
TGGAGCCTCGGTAGCCGTTCCTCCTGCCCGCTGGGCCT 


2956 


AGGCCCAGCGGGCAGGAGGAACGGCTACCGAGGCTCCAGC 
TTAACGGTATTTGGAGGTCAGCACGGTGCTCACAGAAGCCAG 
GAACTTGTCCAGGGAGGCGTGCACCGCAGGGGTGAACTC 


2957 


GCACCGTGCTGACCTCC 


2958 . 


GGAGGTCAG.CACGGTGC 


2959 . 


Haemoglobin variant 

Leu136Pro 

CTG-CCG 


AGTTCACCCCTGCGGTGCACGCCTCCCTGGACAAGTTCCTG 
GCTTCTGTGAGCACCGTGCTGACCTCCAAATACCGTTAAGCT 
GGAGCCTCGGTAGCCGTTCCTCCTGCCCGCTGGGCCTC 


2960 


GAGGCCCAGCGGGCAGGAGGAACGGCTACCGAGGCTCCAG 
CTTAACGGTATTTGGAGGTCAGCACGGTGCTCACAGAAGCCA 
GGAACTTGTCCAGGGAGGCGTGCACCGCAGGGGTGAACT 


2961 


CACCGTGCTGACCTCCA 


2962 
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/ Correcting Oligos [ 

■ - 


.■■■:■:■.<■ 

SEQID 

NO; 




TfifiAfiftTPAftrArftftTft 




Hapmnnlfihin variant 
i loci i luy luun i vol lain 

Arg141Cys 
cCGT-TGT 


GTGCTGACCTCCAAATACCGTTMGCTGGAGCCTCGGTAGCC 
GTTCCTCCTGCCCGCTGGGCCTCCCAACGGGCCCTCC 




r^AQnftPPPf^TTf^f^AfTif^PPPACPfiPPP appa^pa app pp 
ooMoooOLrL»o 1 1 oooAoowuoAvaoobbUAVjoA^uAAuo 

TACCGAGGCTCCAGCTTAACGGTATTTGGAGGTCAGCACGGT 
GCTCACAGAAGCCAGGAACTTGTCCAGGGAGGCGTGCAC 


oner 
2965 


fPAAATAOrPTTAAPPT 

uOAAAIAuLul lAAbLrl 


2966 


A P;PTT A A P flftT ATTTP. ft 
MoLrl lAAOoolAI 1 IbO 


2967 


T^pmnnlnhin variant 

Term142Gln 
tTAA-CAA 


rArnrrTrrrTnRArAAfiTTrrTnnrTTPtntnAriPAr^f^Tr: 
CTGACCTCCAAATACCGTTAAGCTGGAGCCTCGGTAGCCGTT 
CCTCCTGCCCGCTGGGCCTCCCAACGGGCCCTCCTCC 


^yoo 


ftft A ftft A ft ft ft PP P P.TTP.P.P. A P.P P P P A P P P P P P A r*P A PP A A 
ooMooMVjioUL/LrLrO 1 1 oooAouUOLrAouooouAooAooAAO 

GGCTACCGAGGCTCCAGCTTAACGGTATTTGGAGGTCAGCA 
CGGTGCTCACAGAAGCCAGGAACTTGTCCAGGGAGGCGTG 


2969 


A ATAPPnTTA A PPTPPA 
AMIAOUol IAAouIoVjA 


2970 


TPPAfiPTTA APriPTATT 


2971 


nacl I luylUUlll vdildlil 

Term142Lys 
tTAA-AAA 


PAP^PPTPPPT^^APAAfiTTPPT^riPTTPTPTPAPPAnpr'Tr^" 

CTGACCTCCAAATACCGTTAAGCTGGAGCCTCGGTAGCCGTT 
CCTCCTGCCCGCTGGGCCTCCCAACGGGCCCTCCTCC ! 


0070 


uoAubAbooOUl/la 1 1 bbbAubOOOAbLbbbLAbbAboMC. 

GGCTACCGAGGCTCCAGCTTAACGGTATTTGGAGGTCAGCA 
CGGTGCTCACAGAAGCCAGGAACTTGTCCAGGGAGGCGTG 


2973 


A ATA PPPTT A A n^Tt^n A 

AAiAUOol lAAbOlvjuA 


2974 


TPPAPPTTA APPPTATT 


2975 


Haemoolohin variant 

Term142Tyr 
TAAg-TAT 


CGCCTCCnTGGArAA^ I I ( K CTft(ZCTTCTftTftbft&&CCftTftCT 

GACCTCCAAATACCGTTAAGCTGGAGCCTCGGTAGCCGTTCC 
TCCTGCCCGCTGGGCCTCCCAACGGGCCCTCCTCCCC 


zy/o 


GGGGAGGAGGGCCCGTTGGGAGGCCCAGCGGGCAGGAGG 

AACGGCTACCGAGGCTCCAGCITAACGGTaTTTGGAGGTCAG 

CACGGTGCTCACAGAAGCCAGGAACTTGTCCAGGGAGGCG 


2g77 


TACCGTTAAGCTGGAGC 


2978 


GCTCCAGCTTAACGGTA 


2979 



EXAMPLE 17 
Human mismatch repair - MLH1 

The human MLH1 gene is homologous to the bacterial mutL gene, which is involved in 
mismatch repair. Mutations in the MLH1 gene have been identified in many individuals with hereditary 
nonpolyposis colorectal cancer (HNPCC). Mutations in the MLH1 gene are also implicated in 
predisposition to a variety of cancers associated with, for example, Muir-Torre syndrome and Turcot 
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syndrome. The attached table discloses the correcting oligonucleotide base sequences for the MLH1 
oligonucleotides of the invention. 



Table 24 

MLH1 Mutations and Genome-Correcting Olig os 





; - ' 9 • ■ 


SEQID 

NO: 


Non-polyposis 
colorectal cancer 
MetlArg 
ATG-AGG 


TTGGCTGAAGGCACTTCCGTTGAGCATCTAGACGTTTCCTTG 
GCTCTTCTGGCGCCAAAATGTCGTTCGTGGCAGGGGTTATTC 
GGCGGCTGGACGAGACAGTGGTGAACCGCATCGCGGC 


2980 


GCCGCGATGCGGTTCACCACTGTCTCGTCCAGCCGCCGAAT 
AACCCCTGCCACGAACGACATTTTGGCGCCAGAAGAGCCAA 
GGAAACGTCTAGATGCTCAACGGAAGTGCCTTCAGCCAA 


2981 


CGCCAAAAIGTCGTTCG 


2982 


CGAACGACATTTTGGCG 




Non-polyposis 
colorectal cancer 
MetlLys 
ATG-AAG 


TTGGCTGAAGGCACTTCCGTTGAGCATCTAGACG 1 1 ICCTTG 
GCTCTTCTGGCGCCAAAATGTCGTTCGTGGCAGGGGTTATTC 
GGCGGCTGGACGAGACAGTGGTGAACCGCATCGCGGC 


2984 


GCCGCGATGCGGTTCACCACTGTCTCGTCCAGCCGCCGAAT 
AACCCCTGCCACGAACGACATTTTGGCGCCAGAAGAGCCAA 
GGAAACGTCTAGATGCTCAACGGAAGTGCCTTCAGCCAA 


2985 


CGCCAAAAIGTCGTTCG 


2986 


CGAACGACATTTTGGCG 


2987 


Non-polyposis 
colorectal cancer 
Met35Arg 
ATG-AGG 


TGGTGAACCGCATCGCGGCGGGGGAAGTTATCCAGCGGCCA 
GCTAATGCTATCAAAGAGATGATTGAGAACTGGTACGGAGGG 
AGTCGAGCCGGGCTCACTTAAGGGCTACGACTTAACGG 


2988 


CCGTTAAGTCGTAGCCCTTAAGTGAGCCCGGCTCGACTCCCT 
CCGT ACCAGTTCTCAATCATCTCTTTGATAGCATTAGCTGGCC 
GCTGGATAACTTCCCCCGCCGCGATGCGGTTCACCA 


2989 


CAAAGAGAIGATTGAGA 


2990 


TCTCAATCATCTCTTTG 


2991 


Non-polyposis 
colorectal cancer 
Ser44Phe 
TCGTTC 


TAGAGTAGTTGCAGACTGATAAA 1 IAI 1 1 1 C 1 GTTTGATTTGCC 

AGTTTAGATGCAAAATCCACAAGTATTCMGTGATTGTTAMG 

AGGGAGGCCTGAAGTTGATTCAGATCCAAGACAA 


2992 


TTGTCTTGGATCTGAATCAACTTCAGGCCTCCCTCTTTAACAA 
TCACTTGMTACTTGTGGATTTTGCATCTAAACTGGCAAATCA 
AACAGAAAATAATTTATCAGTCTGCAACTACTCTA 


2993 


TGCAAAATCCACAAGTA 


2994 


TACTTGTGGATTTTGCA 


2995 


Non-polyposis 
colorectal cancer 
Gln62Lvs 


gcaaaatccacaagtattcaagtgattGttaaagAgggagGc 
ctgaagttgattcagatccaagacaatggcaccgggatcagg 
gtaagtaaaacctcamgtagcaggatgtttgtgcgc 


2996 



CAA-AAA 
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blinicalPhenotype^ 
Mutation; 


• 


SEQID 

i NO' 




/^PPP AP A A A P atpptopt a pttty^ a pptttt a ptt a nnnTr* a t 
bUbUALrAAAbA 1 bb I bU 1 AL 1 1 1 bAbb Mil AO 1 1 ALLb 1 bA I 

CCCGGTGCCATTGTCTTGGATCTGAATCAACTTCAGGCCTCC 
CTCTTTAACAATCACTTGAATACTTGTGGATnTGC 


2997 


TTCAGATCCAAGACAAT 


2998 


A 1 1 b 1 Lr II libAI b I bAA 


2999 


NAn_AAlvn.AciG 

colorectal cancer 

Gln62Term 

CAA-TAA 


f2P A A A atpp ap A A nTATTP a a fTfYi atYptt a a a p a ppp a pr»p 
obAAAA 1 bbAuAAb 1 A 1 1 UAAb 1 bA Moll AAAbAbbbAbbL 

CTGAAGTTGATTCAGATCCAAGACAATGGCACCGGGATCAGG 
GTAAGTAAAACCTCAAAGTAGCAGGATGTTTGTGCGC 


oaaa 


oObUAt/AAAw\ 1 VA> 1 1 AL 1 1 1 bAw 1 1 1 TAt/TTAC/COTGAT 
CCCGGTGCCA7TGTCTTGGATCTGAATCAACTTCAGGCCTCC 
CTCTTTAACAATCACTTGAATACTTGTGGATTTTGC 


3001 


TTPAf^ATPPA APAPA AT 

1 1 oAbA 1 buAAbAbAA 1 


OAA1 

3002 


ATTfSTPTTC^ ATPTP A A 

Al Iblbl IbbAlblbAA 


3003 


Mnn-rtnl\/nAcic 
iMUirfJUiypUolo 

colorectal cancer 

Asn64Ser 

AAT-AGT 


PPAPAAftTATTPA A/^Tf; ATTriTTA A AiCAP/^PAPPf^PTP A Apt 
L>uttUMAO 1 A 1 1 t»nnV3 1 bA Moll AAAoAbobAbobb 1 oAAb 1 

TGATTCAGATCCAAGACAATGGCACCGGGATCAGGGTAAGTA 
AAACCTCAAAGTAGCAGGATGTTTGTGCGCTTCATGG 




fY* A TO A A rTT 1 ^ A A A A /"» A T/"V V T7" > /'* > T A /"TTTY"» A O^TTTT A OTT A 

UUA 1 CaAAbUbOAOAAAOA 1 OGTbCTACI 1 IGAGGl 1 1 IACTTA 

CCCTGATCCCGGTGCCATTGTCTTGGATCTGAATCAACTTCA 

GGCCTCCCTCTTTAACAATCACTTGAATACTTGTGG 


3005 


LCMbACAATGGCACCG 


3006 


Uoo 1 bbbAT 1 b 1 LI Ibb 


3007 


iNon-poiyposis 
colorectal cancer 
Gly67Arg 
GGG-AGG 


ATTP A APTPATTPTTA A A P A POP A r»PPOTr> A Tpttp ATTr» A n a" 

A 1 1 bAAb 1 bA II b M AAAbAbbbAbbbb 1 bAAbT IbA iTbAGA 

TCCAAGACAATGGCACCGGGATCAGGGTAAGTAAAACCTCAA 
AGTAGCAGGATGTTTGTGCGCTTCATGGAAGAGTCA 


3008 


1 bAG TOT 1 OC/ATGAAGCGCACAAACATCCTGCTAC 1 1 1 GAGGT 
TTTACTTACCCTGATCCCGGTGCCATTGTCTTGGATCTGAATC 
AACTTCAGGCCTCCCTCTTTAACAATCACTTGAAT 


O AAA 

3009 




ATPPP A PPP PP ATP A PP 

A 1 bbbALobbbA 1 bAbb 


3010 


PPTPATPPPPPTPPP AT 

bb 1 bA 1 bbbbb 1 bLLA 1 


1A<4 4 

3011 


Non-polyposis 
colorectal cancer 
Gly67Arg 
GGG-CGG 


AT 1 OAAGTGATTGTTAAAGAGGGAGGCCTGAAGTTGATTCAGA 
TCCAAGACAATGGCACCGGGATCAGGGTAAGTAAAACCTCAA 
AGTAGCAGGATGTTTGTGCGCTTCATGGAAGAGTCA 


3012 


1 bAO 1 L 1 1 LOA 1 bAAbObuALAAALA 1 L-OTbOTAC 1 1 1 GAoGT 
TTTACTTACCCTGATCCCGGTGCCATTGTCTTGGATCTGAATC 
AACTTCAGGCCTCCCTCTTTAACAATCACTTGAAT 


OA4 O 

3013 


A 1 bbLALlA»bbA 1 0Abb 


3014 


LO 1 uA 1 lAA»bb 1 oUL/A 1 


OAH C 

3015 


Non-polyposis 
colorectal cancer 
Gly67Trp 
GGG-TGG 


ATTCAAGTGATTGTTAAAGAGGGAGGCCTGAAGTTGATTCAGA 
TCCAAGACAATGGCACCGGGATCAGGGTAAGTAAAACCTCAA 
AGTAGCAGGATGTTTGTGCGCTTCATGGAAGAGTCA 


3016 


TGACTCTTCCATGAAGCGCACAAACATCCTGCTACTTTGAGGT 
TTTACTTACCCTGATCC£GGTGCCATTGTCTTGGATCTGAATC 
AACnCAGGCCTCCCTCTTTAACAATCACTTGAAT 


3017 


ATGGCACCGGGATCAGG 


3018 
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- ... CofrecfiflsOfps • . 


. \ \ 


SEQID 




CCTGATCCCGGTGCCAT 


3019 


Non-polyposis 
colorectal cancer 
Cys77Arg 
TGT-CGT 


GTAACATGATTATTTACTCATC 1 1 1 1 1 GG 1 A I CTAACAGAAA 
AGATCTGGATATTGTATGTGAAAGGTTCACTACTAGTAAAC 
CAGTCCTTTGAGGATTTAGCCAGTATTTCTACCT 


^GA 
TG 


3020 


AGGTAGAAATACTGGCTAMTCCTCAAAGGACTGCAGTTTACT 
AGTAGTGAACCTTTCACATACAATATCCAGATCTTCTTTCTGTT 
AGATACCAAAMGATGAGTAMTMTCATGTTAC 


3021 


ATATTGTATGTGAAAGG 


3022 


cctttcacatacaatat 


3023 


Non-polyposis 
colorectal cancer 
Cys77Tyr 
TGT-TAT 


TAAPATftAT IAI 1 1 APTPATPI 1 1 1 in^TATPTAAPAPAAAPAA 

GATCTGGATATTGTATGTGAAAGCTTPAPTAPTAftTAAAPTftP 
AGTCCTTTGAGGATTTAGCCAGTATTTCTACCTA 


3024 


TAGGTAGAAATACTGGCTAAATCCTCAMGGACTGCAGTTTAC 

TAfiTARTRAAP^TTTrArATAPAATATPrAflATPTT^TTTPTPT 
i no i no l onnV/li 1 1 1 tiftW\ 1 nUnn 1 n 1 vonvan IOI 1 L> 1 1 1 L> 1 o 1 

TAGATACCAAAAAGATGAGTAAATAATCATGTTA 


3025 


TATTGTATGTGAMGGT 1 


3026 


APPTTTPAPATAPAATA 


3027 


Non-polyposis 
colorectal cancer 
Ser93Gly 
AGT-GGT 


PTftfi ATATTftTATfrfo A A A/^PTTP A PT APT A PTA"A APTPP a r>T 

CCTTTGAGGATTTAGCCAGTATTTPTAPPTAT^nPTTTPriA^ 
TGAGGTAAGCTAMGATTCAAGAAATGTGTAAMT 


3028 


ATTnACACATTTCTTGAATCTTTAGCTTACCTCACCTCGAAAG 
CCATAGRTAftAAATAPTRfiPTAAATrrTrAAArjrSArTnrArJTT 

TACTAGTAGTGAACCTTTCACATACAATATCCAG 


3029 


AFI TAGCCAGTATTTCT 


3030 


AGAAATACTGGCTAAAT 


3031 


Non-polyposis 
colorectal cancer 
ArglOOTerm 
CGA-TGA 


TTCACTACTAGTAAACTGCAGTCCTTTGAGGATTTAGCCAGTA 
TTTCTACCTATGGCTTTCGAGGTGAGGTAAGCTAAAGATTCAA 
GAAATGTGTAAAATATCCTCCTGTGATGACATTGT 


3032 


ACAATGICATCACAGGAGGATATTTTACACATTTCTTGAATCTT 
TAGCTTACCTCACCTCGAAAGCCATAGGTAGAAATACTGGCTA 
AATCCTCAAAGGACTGCAGTTTACTAGTAGTGAA 


3033 


ATGGCTTTCGAGGTGAG 


3034 


CTCACCTCGAAAGCCAT 


3035 


Non-polyposis 
colorectal cancer 
lle107Arg 
ATA-AGA 


ACCCAGCAGTGAGI 1 1 1 ICI ITCAGTCTATTTTCIIIICIICCI 

TAGGCTTTGGCCAGCATAAGCCATGTGGCTCATGTTACTATTA 

CAACGAAAACAGCTGATGGAAAGTGTGCATACAG 




CTGTATGCACACTTTCCATCAGCTGTTTTCGTTGTAATAGTAA 

CATGAGCCACATGGCTTATGCTGGCCAAAGCCTAAGGAAGAA 

AAGAAAATAGACTGAAAGAAAAACTCACTGCTGGGT 


3037 


GGCCAGCATAAGCCATG 


3038 


CATGRCTTATRnTGRnn 3 03fi 
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\ ;>) • - , Correcting Oligos = ; , 


NO; 


Non-polyposis 
colorectal cancer 
Thr117Arg 
ACG-AGG 


1 1 iCl 1 1 1 CTTCCTTAGGCTTTGGCCAGCAtAAGCiCATGTnnr " 

TCATGTTACTATTACAACGAAAACAGCTGATGGAAAGTGTGCA 

TACAGGTATAGTGCTGACTTCTTTTACTCATATAT 


0U*fU 


ATATATGAGTAAAAGAAftTPAfiPAPTATAPPTYSTATftPAPAPT 

TTCCATCAGCTGTTTTCGTTGTAATAGTAACATGAGCCACATG 
GCTTATGCTGGCCAAAGCCTAAGGAAGAAAAGAAA 


QAvM 

oU41 


TATTACAACftAAAAPAfi 


oU42 


CTGI 1 1 rPGTTGTAATA 

w i ui i i i ww I ioi r\r\ l r\ 


QAVIO 

oU4o 


Non-Dolvoosis 
colorectal cancer 
Thr117Met 
ACG-ATG 


1 1 1 C m 1 1 c 1 1 t^nTTAfifinTTTfiRrrA^rATAA^rrAf nrftfth' 

i i i w i i i i w i i ww i i nvjuo i i i vjvj\j vAVj w A I nnOwvn 1 O 1 UOU 

TCATGTTACTATTACAACGAAAACAGCTGATGGAAAGTGTGCA 
TACAGGTATAGTGCTGACTTCTTTTACTCATATAT 


JU44 


ATATATRAfTTAAAAfiAAfiTPAfSPAPTATAPPTriTATPPAPArT 

TTCCATCAGCTGTTTTCGTTGTAATAGTAACATGAGCCACATG 
GCTTATGCTGGCCAAAGCCTAAGGAAGAAAAGAAA 


oU4o - 


TATTACAACGAAAAPAft 

IrVI 1 /AwAAwOAAAAwAO 


QAVIC 

oU40 


CTGI 1 1 IPGTTGTAATA 
w i \j i i i i ww i ioi AA l A 


QA/17 

oU47 


Non-Dolvoosis 
colorectal cancer 
Gly133Term 
GGA-TGA 


TCTATCTCTCTACYGGA rATTAATTTGTTATATTTTPTPATTAftA 

i w i ni w i w i w i n\j i o OA 1 A 1 1 AA I 1 l VP | Inlnl 1 J lwl Un 1 1 nUn 

GCAAGTTACTCAGATGGAAAACTGAAAGCCCCTCCTAAACCA 
TGTGCTGGCAATCAAGGGACCCAGATCACGGTAA 


JU4B 


TT APPftTft ATPTfiftfiTPPPTTYi ATTf^PP a r^r a P atpp i i i a p 

1 1 Aw wO 1 OA 1 w 1 bOO 1 www 1 1 OA 1 1 OwwAOwAwA 1 oo 1 1 1 Ao 

GAGGGGCTTTCAGI 1 1 1 CCATCTGAGTAACTTGCTCTAATGAG 
AAMTATAACAAATTAATATCCAGTAGAGAGATAGA 


3049 


APTPAftATfSftAAAAPTrs 

Aw 1 wAOA 1 OOAAMAw 1 O 


3050 


w Ao 1 1 1 1 11 A 1 U I o Ao 1 


3051 


Non-DolvDo^i^ 
colorectal cancer 
Val185Gly 
GTA-GGA 


TAGTfiTfTTfiTTI 1 1 *AAPTPTI TTPTTAPTP I I irfci rrrm 

1 MO 1 O 1 O 1 O 1 1 l 1 1 OO w AAw lwl 1 1 lwl 1 Mw IwllllolllMw 

TTTTCCAGGTATTCAGTACACAATGCAGGCATTAGTTTCTCAG 
TTAAAAAAGTAAGTTCTTGGTTTATGGGGGATGG 


oUo2 


PPATPPPPPATAAAPPAAfiAAPTTAP 1 1 1 1 1 r AAPTPAf2AA AP 

TAATGCCTGCATTGTGTACTGAATACCTGGAAAAGAAAAACAA 
AAGAGTAAGAAAAGAGTTGCCAAAAACACACACTA 


JUOO 


GTATTCAGTAPAPAATfi 


0U04 


CATTGTGTACTGAATAP 

wn I I wJ I w) I r^\J 1 Unn I r»w 


3 ARC 


Non-Dolvoosis 
colorectal cancer 
Ser193Pro 
TCA-CCA 


TTTCTTACICI 1 I K-i! 1 M IPTTTTPPAttCTATTPAftTAPAPAAT " 

i i i w i i n\j iwiiiiOMIIIwMM vwnw 1 A 1 1 w AO 1 Aw Aw AA 1 

GCAGGCATTAGTTTCICAGTTAAAAAAGTMGTTCTTGGTTTAT 
GGGGGATGGTTTTGTTTT ATGAAAAGAAAAAA 


judo 


Tn , "nTCTTrTCATAAAACAAAAPPATPnnPPATAAAPPAAf5AA 

f I I t I I W I I I I \sr\ l AAnAwAnAAUwA 1 w www wn 1 AAAwwAAOAA 

CTTACI 1 1 1 1 1 AACTGAGAAACTAATGCCTGCATTGTGTACTG 
AATACCTGGAAAAGAAAAACAAAAGAGTAAGAAA 


OUO/ 


TTAGTTTCTCAGTTAAA 


3058 


TTTAACTGAGAAACTAA 


3059 


Non-polyposis 
colorectal cancer 
Val?13Mpt 


1 1 IGI 1 IAICAGCAAGGAGAGACAGTAGCTGATGTTAGGACA 

CTACCCAATGCCTCAACCGTGGACAATATTCGCTCCATCTTTG 

GAAATGCTGTTAGTCGGTATGTCGATAACCTATATA 


3060. 



GTG-ATG 
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Correcting Giigos 


■1 




TATATAGGnATCGACATACCGACTAACAGCATTTCCAAAGAT 
GGAGCGAATATTGTCCACGGTTGAGGCATTGGGTAGTGTCCT 
AACATCAGCTACTGTCTCTCCTTGCTGATAAACAAA 


3061 


CCTCAACCGTGGACAAT 


3062 


ATTGTCCACGGTTGAGG 


3063 


Non-polyposis 
colorectal cancer 
Arg217Cys 
CGC-TGC 


caaggagagacagtagctgaTgttaggacactacccaatgcc " 

tcaaccgtggacaatattcgctccatctttggaaatgctgtta 

gtcggtatgtcgatmcctatataaaaaaatctttt 


3064 


AAMGATTTTTTTATATAGGTTATCGACATACCGACTMCAGCA 

TTTCCAAAGATGGAGCGAATATTGTCCACGGTTGAGGCATTG 

GGTAGTGTCCTAACATCAGCTACTGTCTCTCCTTG 


3065 


ACAATATTCGCTCCATC 


3066 


GATGGAGCGMTATTGT 


3067 


Non-polyposis 
colorectal cancer 
He219Val 
ATC-GTC 


GAGACAGTAGCTGATGTTAGGACACTACCCAATGCCTCAACC 
GTGGACAATATTCGCTCCATCTTTGGAAATGCTGTTAGTCGGT 
ATGTCGATAACCTATATAAAAAAATCTT7TACAT7T 


3068 


AMTGTAAMGATTTTTTTATATAGGTTATCGACATACCGACTA 
ACAGCATTTCCAAAGATGGAGCGAATATTGTCCACGGTTGAG 
GCATTGGGTAGTGTCCTMCATCAGCTACTGTCTC 


3069 


TTCGCTCCATCTTTGGA 


3070 


TCCAAAGAIGGAGCGAA 


3071 


Non-polyposis 
colorectal cancer 
Gly244Asp 
GGT-GAT 


CTAATAGAGAACTGATAGAAATTGGATGtGAGGATAAAACCCT 
AGCCTTCAAAATGAATGGTTACATATCCAATGCAAACTACTCA 
GTGMGAAGTGCATCTTCTTACTCTTCATCAACCG 


3072 


CGGTTGATGAAGAGTAAGAAGATGCACTTCTTCACTGAGTAG 
TTTGCATTGGATATGTAACCATTCA 1 H rGAAGGCTAGGGTTT 
TATCCTCACATCCAATTTCTATCAGnCTCTATTAG 


3073 


AATGAATGGTTACATAT 


3074 


ATATGTAACCATTCATT 


3075 


Non-polyposis 
colorectal cancer 
Ser252Term 
TCA-TAA 


GATGTGAGGATAAAACCCTAGCCTTCAAAATGAATGGTTACAT 
ATCCAATGCAMCTACTCAGTGAAGAAGTGCATC7TCTTACTC 
TTCATCAACCGTAAGTTAAAAAGAACCACATGGGA 


3076 


TCCCATGTGGTTCTTnTAACTTACGGTTGATGAAGAGTAAGA 
AGATGCACTTCTTCACTGAGTAGTTTGCATTGGATATGTAACC 
ATTCAI 1 1 1 GAAGGCTAGGGTTTTATCCTCACATC 


3077 


AAACTACTCAGTGMGA 


3078 


TCTTCACTGAGTAGTTT 


3079 


Non-polyposis 
colorectal cancer 
Glu268Gly 
GAA-GGA 


CACCCCTCAGGACAGTTnGMCTGGnGCTTTCTTTTTATTG 
TTTAGATCGTCTGGTAGAATCAACTTCCTTGAGAAMGCCATA 
GAAACAGTGTATGCAGCCTATTTGCCCAAAAACAC 


3080 


GTGTTTTTGGGCAAATAGGCTGCATACACTGTTTCTATGGCTT 
7TCTCAAGGAAGTTGA7TCTACCAGACGATCTAAACAATAAAA 
AGAAAGCAACCAGTTCAAAACTGTCCTGAGGGGTG 


3081 


TCTGGTAGAATCAACTT '[ 


3082 ! 
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Clinical PhenotypeA 
Mutation 


• 

, Correcting OHgos 


smm 

? NO: - '. 




AAGTTGATICTACCAGA 


<J\JQ*J 


Non-polyposis 
colorectal cancer 
Ser269Term 
TCA-TGA 


CCCTCAGGACAGI 1 1 1 GAACTGGTTGC 1 1 ICI 1 1 1 IATTGTTTA 
GATCGTCTGGTAGAATCAACTTCCTTGAGAAAAGCCATAGAM 
CAGTGTATGCAGCCTATTTGCCCAAAAACACACA 


3084 


TGTGTGTTTTTGGGCAAATAGGCTGCATACACTGTTTCTATRfi 
CTTTTCTCAAGGAAGTTGATTCTACCAGACGATCTAAACAATA 
AAAAGAAAGCAACCAGTTCAAAACTGTCCTGAGGG 


ouoo 


GGTAGAATCAACTTCCT 


0U00 


AGGMGTTGATTCTACC 


OUOf 


Non-Dolvoosis 
colorectal cancer 
Glu297Term 
GAA-TAA 


CTTTTTCTCCCCCTCnrArTATrTAAfinTAATT^TTrTPTPTTA" 
1 1 1 ICCTGACAGTTTAGAAATCAGTCCCCAGAATGTGGATGTT 
AATGTGCACCCCACAAAGCATGAAGTTCACTTCC 


ouoo 


GGAAGTGAACTTCATGCTTTGTGGGGTGCACATTAACATrrA 

ww* v i w i w/ u iw i i vn » ww I I » w I UvVJU l Uwnvn I 1 nnvn 1 w w/\ 

CATTCTGGGGACTGATTTCTAAACTGTCAGGAAAATAAGAGAG 
AACAATTACCTTAGATAGTGGGAGGGGGAGAAAAAG 


ouoy 


ACAGTTTAGAAATCAGT 




ACTGATTTCTAAACTGT 


ouy i 


Non-polyposis 
colorectal cancer 
Gln301Term 
CAG-TAG 


CTCCCACTATCTMGGTMTTGTTCTCTCTTATTTTCCTGACAR 
TTTAGAAATCAGTCCCCAGAATGTGGATGTTAATGTGCACCCC 
ACAAAGCATGAAGTTCACTTCCTGCACGAGGAGA 


0Uy& 


TCTCCTCGTGCAGGAAGTGMCTTCATRnTTTfiTftRfirSTfirA 

• w i ww i ww i vjwniJUnnu i Unnw I I w/» 1 ww 1 1 1 w 1 wwwO 1 w w/\ 

CATTAACATCCACATTCTfiGGGACTGATTTCTAAACTGTCAGG 
AAAATAAGAGAGAACAATTACCTTAGATAGTGGGAG 


ouyo 


TCAGTCCCCAGAATGTG 

i wnw l wvvwnvjnn 1 w 1 \J 




CACATTCTGGGGACTGA 


ouyo 


Non-polyposis 
colorectal cancer 
Val326Ala 
GTG-GCG 


ATGTGCACCCCACAAAGCATGAAGTTCACTTCCTGCAfirtAGft 
AGAGCATCCTGGAGCGGGTGCAGCAGCACATCGAGAGCAAG 
CTCCTGGGCTCCAATTCCTCCAGGATGTACTTCACCCA 


InQfi 


TGGGTGAAGTACATCCTGGAGGAATTGGARCCrAfifJARrTT 
GCTCTCGATGTGCTGCTGCACCCGCTCCAGGATGCTCTCCT 
CGTGCAGGAAGTGAACTTCATGCTTTGTGGGGTGCACAT 


ouy/ 


GGAGCGGGTGCAGCAGC 


?flQR 
ouyo 


GCTGCTGCACCCGCTCC 


ouyy 


Non-polyposis 
colorectal cancer 
His329Pro 
CAC-CCC 


CCACAAAGCATGAAGTTCACTTCCTGCACGAGGAGAGCATCC 
TGGAGCGGGTGCAGCAGCACATCGAGAGCAAGCTCCTGGGC 
TCCAATTCCTCCAGGATGTACTTCACCCAGGTCAGGGC 


31 on 


GCCCTGACCTGGGTGAAGTACATCCTGGAGGAATrGGAGCC 
CAGGAGCTTGCTCTCGATGIGCTGCTGCACCCGCTCCAGGA 
TGCTCTCCTCGTGCAGGAAGTGAACTTCATGCTTTGTGG 


3101 


GCAGCAGCACATCGAGA 


il02 


TCTCGATGTGCTGCTGC 


3103 
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Non-polyposis 
colorectal cancer 
Val384Asp 
GTT-GAT 


CAAGTCTGACCTCGTCTTCTACTTCTGGAAGTAGTGATAAGGT 
CTATGCCCACCAGATGGTTCGTACAGATTCCCGGGAACAGAA 
GCTTGATGCATTTCTGCAGCCTCTGAGCAAACCCCT 


3104 ; 


AGGGGl 1 1 GCTCAGAGGCTGCAGAAATGCATCAAGCTTCTGT 
TCCCGGGAATCTGTACGAACCATCTGGTGGGCATAGACCTTA 
1 L.AL. 1 AO U LC/ACaAAGTAGAAGACGAGGTCAGACTTG 


3105 


CCAGATGGTTCGTACAG 


3106 


CTGTACGAACCATCTGG 


3107 


Non-polyposis 
colorectal cancer 
Ala441Thr 
GCT-ACT 


AGTGGCAGGGCTAGGCAGCAAGATGAGGAGATGCTTGAACT 

CCCAGCCCCTGCTGAAGTGGCTGCCAAAAATCAGAGCTTGGA 

GGGGGATACAACAAAGGGGACTTCAGAAATGTCAGAGA 


3108 


TCTCTGACATTTCTGAAGTCCCCTTTGTTGTATCCCCCTCCAA 
GCTCTGAi 1 1 1 iGGCAGCCACTTCAGCAGGGGCTGGGAGTTC 
AAGCATCTCCTCATCTTGCTGCCTAGCCCTGCCACT 


3109 


CTGAAGTGGCTGCCAAA 


3110 


TTTGGCAGCCACTTCAG 


3111 


Non-polyposis 
colorectal cancer 
Arg487Term 
CGA-TGA 


CTTCATTGCAGAAAGAGACATCGGGAAGATTCTGATGTGGAA 
ATGGTGGAAGATGATTCCCGAAAGGAAATGACTGCAGCTTGT 
ACCCCCCGGAGAAGGATCATTAACCTCACTAGTGTTT 


3112 


AAACACTAGTGAGGTTAATGATCC7TCTCCGGGGGGTACAAG 
CTGCAGTCATTTCCTTTCGGGAATCATCTTCCACCATTTCCAC 
ATCAGAATCTTCCCGATGTCTCTTTCTGCAATGAAG 


3113 




ATGATTCCCGAAAGGAA 


3114 


TTCCTTTCGGGAATCAT 


3115 


Non-polyposis 
colorectal cancer 
Ala492Thr 
GCA-ACA 


AGACATCGGGAAGATTCTGATGTGGAAATGGTGGAAGATGAT 
TCCCGAAAGGAAATGACTGCAGCTTGTACCCCCCGGAGAAG 
GATCATTAACCTCACTAGTGTTTTGAGTCTCCAGGAAG 


3116 


CTTCCTGGAGACTCAAAACACTAGTGAGGTTAATGATCC7TCT 
CCGGGGGGTACAAGCTGCAGTCATTTCCTTTCGGGAATCATC 
TTCCACCATTTCCACATCAGAATCTTCCCGATGTCT 


3117 


AAATGACTGCAGCTTGT 


3118 


ACAAGCTGCAGTCATTT 


3119 


Non-polyposis 
colorectal cancer 
Val506Ala 
GTT-GCT 


UCUGAAAGGAAATGACTGCAGCTTGTACCCCCCGGAGAAGG 
ATCATTAACCTCACTAGTGirrTGAGTCTCCAGGAAGAAATTA 
ATGAGCAGGGACATGAGGGTACGTAAACGCTGTGGCC 


3120 


GGCCACAGCGTTTACGTACCCTCATGTCCCTGCTCATTAATTT 
CTTCCTGGAGACTCAAAACACTAGTGAGGTTAATGATCCTTCT 
CCGGGGGGTACAAGCTGCAGTCATTTCCTTTCGGG 


3121 


CACTAGTGTTTTGAGTC 


3122 


GACTCAAAACACTAGTG 


3123 


Non-polyposis 
colorectal cancer 
Gln542Leu 


GGGAGATGTTGCATAACCACTCCTTCGTGGGCTGTGTGAATC 
CTCAGTGGGCCTTGGCACAGCATCAAACCAAGTTATACCTTC 
TCAACACCACCAAGCTTAGGTAAATCAGCTGAGTGTG 


3124 



CAG-CTG 
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Clinical Phenotype&; 
' : Mutation ! 


. ; ; Correcting Oligos . 


SEQID 

NO: 




CACACTCAGCTGATTTACCTMGnTTGGTGGTGTTGAnAAftr? 

TATAACTTGGTTTGATGCTGTGCCAAGGCCCACTGAGGATTC 
ACACAGCCCACGAAGGAGTGGTTATGCAACATCTCCC 






Oft 


TTTGATGCTGTGrCAAG 

111 VJ/ \ 1 Uv 1 W 1 UUunnU 




Non-Dolvoosis 
colorectal cancer 
Leu549Pro 
CH-CCT 


CCTTCGTGGGCTGTGTGAATCCTCAGTGGGCCTTGGCArAn 

WW I I WW I vvvv 1 W 1 vJ 1 vjnn 1 WW 1 W/»VJ 1 vvVJuw 1 1 w wwrAwrAw 

CATCAAACCAAGTTATACCTTCTCAACACCACCAAGCTTAGGT 
AAATCAGCTGAGTGTGTGAACAAGCAGAGCTACTACA 




TGTAGTAGCTnTGnTTGTTrArArArTrAfirTfiATTTArPTAA 

• O 1 r\0 1 ftVJU 1 O 1 OO MOM vnwnwnU 1 OMOO 1 OM 1 1 1 MOO 1 MM 

GCTTGGTGGTGTTGAGAAGGTATAACTTGGTTTGATGCTGTG 
CCAAGGCCCACTGAGGATTCACACAGCCCACGAAGG 


o\ zy 


GTTATACCTTrTCAArA 

UI ini nwv 1 1 V 1 WrV\vri 




TRTTGAGAAGRTATAAC 


JIO I 


Non-Dolvoosis 
colorectal cancer 
Asn551Thr 
AAC-ACC 


TGGGCTGTGTGAATCCTCAGtGG6CCtTGGCACA6CATrAAA 

• w w ww i w i \«j i wnn i ww I vrv\j i vuvjvv/ 1 1 vvvnvnVJvn 1 vnnn 

CCAAGTTATACCTTCTCAACACCACCAAGCTTAGGTAAATCAG 
CTGAGTGTGTGAACAAGCAGAGCTACTACAACAATG 


O 1 0£ 


rATTRTTfiTAftTAftrTrTfiPTTRTT^ArArArTrArirT^ATTT 
OA 1 IUI 1 0 1 MO 1 MOO 1 0 1 OO 1 1 0 1 1 OMOMOMO 1 OMOO 1 OM 1 1 1 

ACCTAAGCTTGGTGGTGFGAGAAGGTATAACTTGGTTTGATG 
CTGTGCCAAGGCCCACTGAGGATTCACACAGCCCA 




PPTTPTPAAPAPPAPPA 
Ow 1 I w 1 wMHwMLrwMwoM 




1 V3 w I OV3 1 OX 1 VJMwMMOO 


oloo 


iNon-poiyposis 
colorectal cancer 
Gln562Term 
CAG-TAG 

vnw i f\\*t 


AloAAl loAool 1 1 lo'o'l lAAAblo'ACI IUAI 1 1 1 IATTTTCAG 

TGMGMCTGTTCTACCAGATACTCATTTATGATTTTGCCAATT 

TrGGTGTTCTCAGGTTATCGGTAAGTTTAGATC 


0 4 Off 

3136 


ft ATPTA A APTTA PPft ATA APPTft Aft A AP A PP A A A ATTPPPA A A 
1 O 1 nnAO f 1 nOv/On I nnOU 1 wMOMMwMU wMMMA i 1 bbUnnn 

ATCATAAATGAGTATCTGGTAGAACAGTTCTTCAGTGAAAATA 
AAAATGAAGTGACTTTAAGGAAAAGCTGAATTCAT 


0 lOf 


TfiTTPTAPCAftATAPTP 


0 1 00 


GAftTATPTGftTAftAAPA 

wMw Inlwl ww 1 MwrVAwM 


o ioy 


Non-Dolvoosis 
colorectal cancer 
He565Phe 


GCTTTTCCTTAAAG7CACI ICATI 1 IT AT n TCA65TCAARAAPT 

KJ\s I I I I WW 1 1 #vv\W | vnv 1 1 W/» 1 1 1 1 1 r\ 1 1 1 | vnv I vrinVJAnu 1 

GTTCTACCAGATACTCATTTATGATTTTGCCAA 1 1 1 IGGTGTTC 
TCAGGTTATCGGTAAGTTTAGATCCTTTTCACT 




All -III 


AGTGAAAAGRATrTAAArTTArrRATAArrTfiARAAPArrAAA 

tvj I tjrvrvvwjvjrv I w I AW\w I I nouun 1 MMOO 1 OAOMMOMOOMMM 

ATTGGCAAAATCATAAATGAGTATCTGGTAGAACAGTTCTTCA 
CTGAAAATAAAAATGAAGTGACTTTAAGGAAAAGC 


^1A1 


AftATAPTPATTTATftAT 

MOM 1 Mw 1 wM 1 1 1 M 1 wM 1 


Jl*tZ I 


ATCATAAATCAftTATPT 


**1A3 
0 I HO 


Non-polyposis 
colorectal cancer 
Leu574Pro 
CTC-CCC 


1 1 1 1 CAG 1 GAAGAACTGTTCTACCAGATACTCA'1 1 lAIGAl 1 1 1 
GCCMTTnGGTGTTCTCAGGTTATCGGTAAGTTTAGATCCTT 
TTCACTTCTGAAATTTCAACTGATCGTTTCTGAA 


3144 


TTCAGAAACGATCAGTTGAAATTTCAGAAGTGAAAAGGATCTA 
AACTTACCGATAACCTGAGAACACCAAAATTGGCAAAATCATA 
AATGAGTATCTGGTAGAACAGTTCTTCACTGAAAA 


3145 


TGGTGTTCTCAGGTTAT 


3146 
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-CJJnica! Phenotype & 


Correcting Oligos . l«© 

i "•" ■ r ' ' .\ '* n J NO* 




ATAACCTGAGAACACCA ™* ~ 


3147 


Non-polyposis 
colorectal cancer 
Leu582Val 
CTC-GTC 


TGGATGCTCCGTTAAAGCTTGCTCCTTCATGlTCtTGCTTCTT 
CCTAGGAGCCAGCACCGCTCTTTGACCTTGCCATGCTTGCCT 
TAGATAGTCCAGAGAGTGGCTGGACAGAGGAAGATG 


3148 


CATCTTCCTCTGTCCAGCCACTCTCTGGACTATCTAAGGCAA 
GCATGGCAAGGTCAAAGAGCGGTGCTGGCTCCTAGGMGAA 
GCAAGAACATGAAGGAGCAAGCTTTAACGGAGCATCCA 


3149 


CAGCACCGCTCTTTGAC 


3150 


GTCAAAGAGCGGTGCTG 


3151 


Non-polyposis 
colorectal cancer 
Leu607His 
CTT-CAT 


TGCTTGCC7TAGATAGTCCAGAGAGTGGCTGGACAGAGGAAG 
ATGGTCCCAAAGMGGACFGCTGAATACATTGTTGAGTTTCT 
GAAGAAGAAGGCTGAGATGCTTGCAGACTATTTCTC 


3152 


GAGAAATAGTCTGCAAGCATCTCAGCCTTCTTCTTCAGAAACT 

CAACAATGTATTCAGCAAGTCCTTCTTTGGGACCATCTTCCTC 

TGTCC AftPP APTrTPTftft A PTATPT A a nnn a a nn a 
i \3 1 uwMvaoorvu lOlwl VjvjmU i Mi U 1 AAvjvjOAAoOA 


3153 


AGAAGGACTTGCTGAAT 


3154 


ATTCAGCAAGTCCTTCT 


3155 


Non-polyposis 
colorectal cancer 
Lys618Term 
AAG-TAG 


AOAOAbbAAbA 1 <i(j 1 UUOAAAUAAGGACTTGCTGAATACATT 
GTTGAGTTTCTGAAGAAGAAGGCTGAGATGCTTGCAGACTAT 
TTCTCTTTGGAAATTGATGAGGTGTGACAGCCATTCT 


3156 


AbMTbGCTGTCACACCTCA 1 CM r ITCCAAAGAGAAATAGTC 

T/^/^A A^f % AT7' v TY N A/' % rv' v TTy v T"TY v TT/^A/'>A a jmrrvA iai 

i ouAAbUA i o I UAbuU 1 TCTTCTTCAGAAACTCAACAATGTAT 
TCAGCAAGTCCTTCTTTGGGACCATCTTCCTCTGT 


3157 


TGAAGAAGAAGGCTGAG 


3158 


CTCAGCCTTCTTCTTCA 


3159 


Non-polyposis 
colorectal cancer 
Lys618Thr 

AAb-ALo 


OAiaAbbAAbA 1 ob 1 uOUAAAbMGGACTTGCTGAATACATTG 
TTGAGTTTCTGAAGAAGAAGGCTGAGATGCTTGCAGACTATTT 
CTCTTTGGAMTTGATGAGGTGTGACAGCCATTCTT 


3160 


AnoAA i bbo 1 b 1 UAuALu 1 OATCAAl 1 1 CCAAAGAGAAATAGT 
CTGCAAGCATCTCAGCC]TCTTCTTCAGAAACTCAACAATGTA 
TTCAGCAAGTCCTTCTTTGGGACCATCTTCCTCTG 


3161 


GAAGAAGAAGGCTGAGA 


3162 


TCTCAGCCTTCTTCTTC 


3163 


Non-polyposis 
colorectal cancer 
Arg659Leu 


TACCCCTTCTGATTGACAACTATGTGCCCCCTTTGGAGGGAC 

TGCCTATCTTCATTCTTCfiACTAGCCACTGAGGTCAGTGATCA 

AGCAGATACTAAGCATTTCGGTACATGCATGTGTGC 


3164 


CGA-CTA 


GCACACATGCATGTACCGAAATGCTTAGTATCTGCTTGATCAC 
TGACCTCAGTGGCTAGTCGAAGAATGAAGATAGGCAGTCCCT 
CCAAAGGGGGCACATAGTTGTCAATCAGAAGGGGTA 


3165 




CATTCTTC6ACTAGCCA 
TGRCTARTHfiAARAATR 


3166 
3167 
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Mutation 


■ , Correcting GUgos \ - _ 


1 SEQ ID 

y y..y. 1. * 


Non-nolvnosis 
colorectal cancer 
Arg659Pro 
CGA-CCA 


TACCCCTTCTGATTGACAACTATGTGCCCCCI I IGGAftftftAP 

TGCCTATCTTCATTCTTCGACTAGCCACTGAGGTCAGTGATCA 
AGCAGATACTAAGCATTTCGGTACATGCATGTGTGC 


0 1 00 


ftp AP APATftP ATftTAPPft A A ATftPTTAftTATPTftPTTP ATP A P 
OVMUMUM 1 OuM 1 O 1 Mv^UOMMM 1 Olr 1 1 no 1 M 1 0 1 1 1 On 1 OAO 

TGACCTCAGTGGCTAGTCGAAGAATGAAGATAGGCAGTCCCT 
CCAAAGGGGGCACATAGTTGTCAATCAGAAGGGGTA 


04 en 

oiby 


P ATTPTTPC5 APT AftPP A 
V-rM l 1 \j 11 V^UMU 1 MoV-rV^M 


ol70 


TftftPTAftTPftAAftAATft 
1 OOU 1 nO I VOMMOMM 1 O 


oi n 


iNon-poiyposis 
colorectal cancer 
Arg659Term 
CGA-TGA 


1 1 AOOOO 1 1 0 1 bA 1 1 bAOAAO 1 A 1 b 1 bOOOOO 1 1 1 bbAbbbA 

CTGCCTATCTTCATTCTTCGACTAGCCACTGAGGTCAGTGATC 
AAGCAGATACTAAGCATTTCGGTACATGCATGTGTG 


3172 


P AP AP ATftP ATftT APPft A A ATftPTT AftT ATPTftPTTP ATP A PT 
UMOMUM 1 oOM 1 o 1 MOOoMMM 1 OO 1 1 Mo 1 A 1 O 1 1 1 oA 1 0 AO 1 

GACCTCAGTGGCTAGTCGAAGAATGAAGATAGGCAGTCCCTC 
CAAAGGGGGCACATAGTTGTCAATCAGAAGGGGTAA 


0170 
OI /O 


TPATTPTTPftAPTAftPP 


017JI 
0l/4 


ftftPTAftTPfcAAftAATftA 
OOU 1 MO 1 L»OMMOMM 1 On 


01 7C 

ol75 


colorectal cancer 

Ala681Thr 

GCT-ACT 


TTftft APP, AftftTft A ATTft ftft APft A AH A A A Aft ft A ATftTTTTft A A 
I 1 OOnOvnOO 1 Onn I I OOOnUOnnonnnnOOnn 1 VP II 1 1 OMM 

AGCCTCAGTAAAGAATGCGCTATGTTCTATTCCATCCGGAAG 
CAGTACATATCTGAGGAGTCGACCCTCTCAGGCCAGC 


01 /0 


ft PTft PPPTP A P A PPPTP P A PTPPTr' A P A T A TPT A nTTP P 

oO 1 ooUO 1 bAbAbbb 1 ObAO 1 00 1 OAbA 1 A 1 b 1 AO 1 bO 1 1 00 

GGATGGAATAGAACATAGCGCATTCTTTACTGAGGCTTTCAAA 
ACATTCCTTTTCTTCGTCCCMTTCACCTGGTCCAA 


3177 


AAftAATftPfiPTATPTTP ' 
MMoMM 1 oOuO 1 A 1 b 1 1 O 


3178 


ftA APATAPPPP ATTPTT 
oAMOA 1 AoUbOA 1 IOI 1 


3179 


colorectal cancer 

Trp712Term 

TGG-TAG 


A ftftPTT ATft APATPT A A TftTftTTTTPP A P A PTp A A PTPPPTrr 
MOOLr 1 I Ml OnLM 1 U 1 MM lOlOl 1 1 1 OOMoMo ! oMAo 1 bOO 1 Ou 

CTCCATTCCAAACTCCTGGAAGTGGACTGTGGAACACATTGT 
CTATAAAGCCTTGCGCTCACACATTCTGCCTCCTAA 


omn 


TTAftftAftftPAftAATftTftTftAftPftPAAftftPTTTATAPAPAATP 
1 1 noo/\ool>nonM lolol oAoOoOAAobO 1 II A 1 AbAOAA 1 b 

TGTTCCACAGTCCACTTCCAGGAGTTTGGAATGGAGCCAGGC 
ACTTCACTCTGGAAAACACATTAGATGTCATAAGCCT 


0101 
OIOI 


AAAPTPPTfiftAAftTftftA 

MMMw 1 w 1 OOMMO 1 OOn 


01Q9 


TPPAPTTPPAftftAftTTT 1 
1 OOnU 1 1 wUMOOMO 1 1 1 


01 Q0 
0100 


iNon-poiyposis 
colorectal cancer 
Trp714Term 
TGG-TAG 


AT/^ A P ATPT A AT OTP 1 II 1 OO A P A PTP A A OTPnPT/^ P^Y^A A TT 

A 1 bAOA lOIAAlblbllll OOAbAb 1 bAAb IbOOTbGOTOCAT 
TCCAAACTCCTGGAAGTGGACTGTGGAACACATTGTCTATAAA 
GCCTTGCGCTCACACATTCTGCCTCCTAAACATTT 


3184 


AAATftTTTAftftAftftPAftAATftTftTftAftPftPAAftftPTTTATAft 
nnn IOI 1 1 nOOnoOUnOnrt IOJOI onol/OOnnOol/ 1 / 1 M r no 

ACAATGTGTTCCACAGTCCACTTCCAGGAGTTTGGAATGGAG 
CCAGGCACTTCACTCTGGAAAACACATTAGATGTCAT 


01 00 


CTGGAAGTGGACTGTGG 


3186 


CCACAGTCCACTTCCAG 


3187 


Non-polyposis 
colorectal cancer 
Trp714Term 


TGACATCTAATGTGTTTTCCAGAGTGAAGTGCCTGGCTCCATT 

CCAAACTCCTGGAAGTGGACTGTGGAACACATTGTCTATAAA 

GCCTTGCGCTCACACATTCTGCCTCCTAAACATTTC 


3188 



TGG-TGA 
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bAAAIbl 1 1 Ab(5AbeCAGMTGTGTGAGCGCMGGCTTTATA 
bALrAA 1 b 1 b II LuAUAb 1 £OAb 1 luCAbGAGl 1 IGGAATGGA 

ftPP AftftP APTTP APTPTftft A A A AP AP ATT A P ATPTP A 
OuUnOOunO 1 1 L»nU 1 U i oonMAMUAbA 1 1 AbA 1 b 1 uA 


3189 


TGGAAGTGGACTGTGGA 


3190 


TCCACAGTCCACTTCCA 


3191 


Non-polyposis 
colorectal cancer 
Val716Met 
GTG-ATG 


AlUIAAHJHillll UJAUAU I GAAC3 1 (iCCTGGCTCCATTCCAA 
ACTCCTGGAAGTGGACTGTGGAACACATTGTCTATAAAGCCTT 
GCGCTCACACATTCTGCCTCCTAAACATTTCACAG 


3192 


CTGTGAMTGTTTAGGAGGCAGAATGTGTGAGCGCAAGGCTT 
I A 1 AbALAA 1 b 1 b rTCLACAGTCCACTTCCAGGAGTTTGGAAT 
bbAecCAbGCACTTCACTCTGGAAAACACATTAGAT 


3193 


AGTGGACTGTGGAACAC 


3194 


GTGTTCCACAGTCCACT 


3195 


Non-polyposis 
colorectal cancer 
Tyr721Term 
TAT-TAA 


bAVj 1 liAMi 1 UUU 1 bUU 1 UUATTCCAAACTCCTGGAAGTGGAC 
TGTGGAACACATTGTCTATAAAGCCTTGCGCTCACACATTCTG 
CCTCCTAAACATTTCACAGAAGATGGAAATATCCTG 


3196 


CAGGATATTTCCATCTTCTGTGAAATGTTTAGGAGGCAGAATG 
1 b 1 bAGCGCMGGCTTTATAGACAATGTGTTCCACAGTCCAC 

TTppA PO A <iTTT/^r* A ATOP 1 A PPP APPPA PTTP A r^Tf> 

\ 1 bUAbbAb I 1 1 bbAA 1 bbAbUbAbbOAC M CACTC 


3197 


ATTGTCTATAAAGCCTT 


3198 


AAGGCTTTATAGACAAT 


3199 


Non-polyposis 
colorectal cancer 
Lys751Arg 
AAA-AGA 


CTAMCATTTCACAGAAGATGGAAATATCCTGCAGCTTGCTAA 
CCTGCCTGATCTATACAAAGTCTTTGAGAGGTGTTAAATATGG 
TTATTTATGCACTGTGGGATGTGTTCTTCTTTCTC 


3200 


A /"^ AAA /— * A A /"* A A A A T/"H/>/N A /"N A AT/NA A T AAA T" A a ^x^N A ^» A . 

GAGAAAGAAGAACACATCCCACAGTGCATAAATAACCATATTT 

A APA C^f^T f^TT^ A A APA pTTTAT ATA /"» A t/n a a />/■>«!■ T* a a a 

AALALbTLTCAMGACTTTGTATAGATCAGGCAGGTTAGCAAG 
CTGCAGGATATTTCCATCTTPTCT^AAAT^TTTAn 


3201 


TCTATACAAAGTCTTTG 


3202 


CAAAGACTrrGTATAGA 


3203 


Non-polyposis 
colorectal cancer 
Arg755Trp 
AGG-TGG 


ACAGAAGATGGAAATATCCTGCAGCTTGCTAACCTGCCTGAT 

CTATACAAAGTCTTTGAGAGGTGTTAAATATGGTTATTTATGCA 

CTGTGGGATGTGTTCTTCTTTCTCTGTATTCCGAT 


3204 


ATCGGAATACAGAGAAAGAAGAACACATCCCACAGTGCATAA 
ATAACCATATTTAACACCICTCAAAGACTrTGTATAGATCAGG 
CAGGTTAGCAAGCTGCAGGATATTTCCATCTTCTGT 


3205 


TCTTTGAGAGGTGTTAA 


3206 


TTAACACCTCTCAAAGA 


3207 



EXAMPLE 18 
Human mismatch repair ■ MSH2 

The human MSH2 gene is homologous to the bacterial mutS gene, which is involved in 
mismatch repair. Mutations in the MSH2 gene have been identified in a variety of cancers, including, for 
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example, ovarian tumors, colorectal cancer, endometrial cancer, uterine cancer. The attached table 
discloses the correcting oligonucleotide base sequences for the MSH2 oligonucleotides of the invention. 

Table 25 

MSH2 Mutations and Genome-Correcting Oligos 





Correcting Oligos 


SEQ (0 
NO, 


Non polyposis 
colorectal cancer 
Gln252Term 
CAG-TAG 


TTTTCCACAAAAGACATTTATCAGGACCTCAACCGGTTGTTGA 
AAGGCAAAAAGGGAGAGCAGATGAATAGTGCTGTATTGCCAG 
AAATGGAGAATCAGGTACATGGATTATAAATGTGAA 


3208 


TTCACATTTATAATCCATGTACCTGATTCTCCATTTCTGGCAAT 
ACAGCACTATTCATCTGCTCTCCC 1 1 1 1 1 GCCTTTCAACAACC 
GGTTGAGGTCCTGATAAATGTCTTTTGTGGAAAA 


3209 


AGGGAGAGCAGATGAAT 


3210 


A7TCATCTGCTCTCCCT 


3211 


Non polyposis 
colorectal cancer 
Gln288Term 
CAG-TAG 


TCATCACTGTCTGCGGTAATCAAGn nTAGAArTPTTATrAR " 

ATGATTCCMCTTTGGACAGTTTGMCTGAnTArTTTTRArTT 

CAGCCAGTATATGAAATTGGATATTGCAGCAGTCA 


It 


TGACTGCTGCAATATCCAATTTCATATACTGGCTGAAGTCAAA 
AGTAGTCAGTTCAAACTGTCCAAAGTTGGAATCATCTGATAAG 
AGTTCTAAAAACTTGATTACCGCAGACAGTGATGA 


3213 


ACTTTGGACAGTTTGAA 


3214 


TTCAAACTGTCCAAAGT 


3215 


Non polyposis 
colorectal cancer 
Ala305Thr 
GCA-ACA 


MCTTTGGACAGTTTGMCTGACTAnTTTTRArTTrARrrAfiT 

nnw i i i vjvjnvnu ill \jnnv/ 1 VJr^Vy i r\w till 1 1 UnuWunO 1 

ATATGAMTTGGATATTGCAGCAGTCAGAGCCCTTAACCTTTT 
TCAGGTAAAAAAAAAAAAAAAAAAAAAAAAAAAGG 


Oe. ID 


CCD Mil III 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ACCTGAAAAAGGTTAAG 
GGCTCTGACTGCTGCAATATCCAATTTCATATACTGGCTGAAG 
TCAAAAGTAGTCAGTTCAAACTGTCCAAAGTT 


3217 


TGGATATTGCAGCAGTC 


3218 


GACTGCTGCAATATCCA 


3219 


Non polyposis 
colorectal cancer 
Gly322Asp 
GGC-GAC 


AGCnGCCATTCTTTCTATTnATTTTTTGTTTACTAGGGTTCT 

* » ■ \ ■ ■ 1 V 1 %^ I'll 1 1 1 1 « | 1 | 1 | 1 \^ III 1 /l^J ^^^^ 1 1 1 

GTTGAAGATACCACTGGCTCTCAGTCTCTGGCTGCCTTGCTG 
AATAAGTGTAAAACCCCTCAAGGACAAAGACTTGT 


322Q 


ACMGTCTnGTCCTrGAGGGGTTTTACACTTATTCAGCAAGG 
CAGCCAGAGACTGAGAGCCAGTGGTATCTTCAACAGAACCCT 
AGTAAACAAAAAATAAAATAGAAAGAATGGCAAGCT 


3221 


TACCACTGGCTCTCAGT 


3222 


ACTGAGAGCCAGTGGTA 


3223 


Non polyposis 
colorectal cancer 
Ser323Cys 
TCT-TGT 


TTGCCATTCTI ICIAI 1 1 IAI 1 1 1 1 1 GTTTACTAGGGTTCTGTTG 

AAGATACCACTGGCTCTCAGTCTCTGGCTGCCTTGCTGAATA 

AGTGTAAAACCCCTCAAGGACAAAGACTTGTTAA 


3224 


nMCMGTCTTTGTCCTTGAGGGGTTTTACACTTATTCAGCA 

AGGCAGCCAGAGACTGAGAGCCAGTGGTATCTTCAACAGAAC 

CCTAGTAAACAAAAAATAAAATAGAAAGAATGGCAA 


3225 
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Clinical Phenotype* I n ± M < 1- - 
. . Mutation , | . ^rtecung QHgos . . x , . 


SEQID 

NO: 




CACTGGCTCTCAGTCTC 


3226 


GAGACTGAGAGCCAGTG 


3227 


Non polyposis 
colorectal cancer 
Arg383Term 
CGA-TGA 


GTGGMGCTTTTGTAGAAGATGCAGAATTGAGGCAGACTTTA 
CAAGAAGATTTACnCGTCGATTCCCAGATCTTAACCGACTTG 
CCAAGAAGTTTCAAAGACAAGCAGCAAACTTACAAG 


3228 


CnGTMGlTTeCTGCTTGTCTTTGAAACTTCTTGGCAAGTCG 
GTTAAGATCTGGGAATCGACGAAGTAAATCTTCTTGTAAAGTC 
TGCCTCAATTCTGCATCTTCTACAAAAGCTTCCAC 


3229 


TACTTCGTCGATTCCCA 


3230 


TGGGAATCGACGAAGTA 


3231 


Non polyposis 
colorectal cancer 
Gln397Term 
CAA-TAA 


UAAGAAGAI 1 1 acttcgtcgattccCagatcttaaccgacttg 

CCAAGAAGTTTCAAAGACAAGCAGCAAACTTACAAGATTGTTA 
CCGACTCTATCAGGGTATAAATCAACTACCTAATG 


3232 


CATTAGGTAGTTGATTTATACCCTGATAGAGTCGGTAACAATC 
TTGTMGTnGCTGCTTGTCTTTGAAACTTCTTGGCAAGTCGG 
TTAAGATCTGGGAATCGACGAAGTAAATCTTCTTG 


3233 


TTCAAAGACAAGCAGCA 


3234 


TGCTGCTTGTCTTTGAA 


3235 


Non polyposis 
colorectal cancer 
Arg406Term 
CGA-TGA 


GATC7TAACCGACTTGCCAAGAAGTTTCAAAGACAAGCAGCA 
AACTTACAAGATTGnACCGACTCTATCAGGGTATAAATCAAC 
TACCTAATGTTATACAGGCTCTGGAAAAACATGAAG 


3236 


CTTCATGTTTTTCCAGAGCCTGTATAACATTAGGTAGTTGATTT 
ATACCCTGATAGAGTCG.GTAACAATCTTGTAAGTTTGCTGCTT 
GTCTTTGAAACTTCTTGGCAAGTCGGTTAAGATC 


3237 


ATTGTTACCGACTCTAT 


3238 


ATAGAGTCGGTAACAAT 


3239 


Non polyposis . 
colorectal cancer 
Gln419Term 
CAG-TAG 


GCAAACTTACAAGATTGTTACCGACTCTATCAGGGTATAAATC 
AACTACCTAATGTTATACAGGCTCTGGAAAAACATGAAGGTAA 
CMGTGATTTTGTTTTTTTGTTTTCCTTCAACTCA 


3240 


TGAGTTGAAGGAAAACAAAAAMCAAAATCACTTGTTACCTTC 

ATGTTTTTCCAGAGCCTGTATAACATTAGGTAGTTGATTTATAC 

CCTGATAGAGTCGGTAACAATCTTGTAAGTTTGC 


3241 


ATGTTATACAGGCTCTG 


3242 


CAGAGCCTGTATAACAT 


3243 


Non polyposis 
colorectal cancer 
Gln429Term 
CAG-TAG 


TATTCTGTAAAA 1 GAGA 1 U 1 1 1 1 IAI 1 IGI 1 IGI 1 1 IACIACTTT 
CI 1 1 1 AGGAAMCACCAGAMTTATTGTTGGCAGTTTTTGTGA 
CTCCTCTTACTGATCTTCGTTCTGACTTCTCCA 


3244 


TGGAGAAGTCAGAACGAAGATCAGTAAGAGGAGTCACAAAAA 
CTGCCMCMTMTTTCTGGTGTTTTCCTAAAAGAAAGTAGTA 
AAACAAACAAATAAAAAGATCTCATTTTACAGAATA 


3245 


GAAAACACCAGAAATTA 


3246 


TAATTTCTGGTGTTTTC 


3247 
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finical Phenotyf l&t 
- . fifotafioa -* 


I Correcting Oi.gos 




hlnn n.f>l\#nn.eic 

iMuii puiypubfo 

colorectal cancer 

Leu458Term 

TTA-TGA 


OilA/lOl IMOIbAIUI lUlil IUIUAUI IUIUUAAGI 1 ICAGGA 
AATGATAGAAACAACTTTAGATATGGATCAGGTATGCAATATA 
CTTTTTMTTTMGCAGTAGTTATTTTTAAAAAGC 


3248 


f^PI 1 1 1 1 A AA A ATA APTAPTPPTTA A ATT A A A A A OTATATTPr* A 

u I I I AAAAA 1 AAb 1 Ab 1 oU 1 1 AAA 1 1 AAAAAbTATATToCA 

TACCTGATCCATATCTAAAGTTGTTTCTATCATTTCCTGAAACT 
TGGAGAAGTCAGAACGAAGATCAGTAAGAGGAG 


OA4 ft 

3249 


A A P A A PTTT A P AT ATPP 
AAL> AALr 1 1 _IAbA 1 A 1 bb 


3250 


PP ATATPTA A A^TTPTT 
OwA 1 A 1 0 I AAAb M b 1 1 


3251 


Wnn nnlvnncic 

colorectal cancer 

Gln518Term 

CAG-TAG 


1 1 1 PTTPTTP ATT ATP A AfiPPTTPP A Of^C'THr^r* A A A P A P atta 
M 1 u 1 1 \s 11 oA II A 1 uAAbbU 1 1 bbAbbb I bbO AAALAbATTA 

AACTGGATTCCAGTGCACAGTTTGGATATTACTTTCGTGTAAC 
CTGTAAGGAAGAAAAAGTCCTTCGTAACAATAAAA 


3252 


1 1 1 I Al lul 1 AWj/WoIjA^ 1 1 1 1 IL»I luLI lALAvaol 1ACACGA 

AAGTAATATCCAAACTGTGCACTGGAATCCAGTTTAATCTGTT 

TGCCAGGGTCCAAGCCTTGATAATCAAGAAGAAA 


Oft 

3253 


PP APTPP A r APTTTPP A 
OOAO 1 obAUAb 1 1 1 bbA 


3254 


TCCAAACTGTGPAPTftft 


O/OO 


Non doIvdosis 
colorectal cancer 
Arg524Pro 
CGT-CCT 


GCTTGGACCCTGGCAAAnARATrAAArTnnATTrrARTr^f^Ar^ 

AGTTTGGATATTACTTTCGTGTAACCTGTAAGGAAGAAAAAGT 
CCTTCGTAACAATAAAAACTTTAGTACTGTAGATAT 


oZOD 


ATATOTAPAf^TAPTA A A^ rTTTTATT^TTAPriA APP APTTTTTP 
rv i r\ i o i rtOMO 1 r\\j I AAAO 1 II 1 1 A II O II AbbAAbbAb 1 1 1 1 1 b 

TTCCTTACAGGTTACACGAAAGTAATATCCAAACTGTGCACTG 
GAATCCAGTTTAATCTGTTTGCCAGGGTCCAAGC 


OOC7 

3257 


TTAPTTTPftT^TAAPPT 


ooco 
OZOO 


APPTTAPAPPA A A PT A A 

Abo 1 1 AbAUbAAAb 1 AA 


3259 


Non polyposis 
colorectal cancer 
Glu562Val 
GAG-GTG 


TTMTATTmMTAAMCTGmmCGATTTGCAGCAMTTGA 
CTTCTTTAAATGAAGAGTATACCAAAAATAAAACAGAATATGAA 
GAAGCCCAGGATGCCATTGTTAAAGAAATTGT 




ACMTTTCTTTAACAATGGCATCCTGGGCTTCTTCATATTCTGT 
TTTAI 1 1 1 1 GGTATACTCTTCATTTAAAGAAGTCAATTTGCTGC 
AAATCGAMTMCAGTTTTATTAAAAATATTAA 


3261 


AAATGAAGAGTATACCA 


3262 


TGGTATACTCTTCATTT 


3263 


Glioma 

w I 1 IC4 

Glu580Term 
GAA-TAA 


AATftAAf^AfTTATAPPAAA AATAAAAPAPA ATATPA APA APPPP 
ntt 1 OttAOAO 1 A 1 AOOAAAAA 1 AAAAbAbAA 1 A 1 bAAbAAbbbb 

AGGATGCCATTGTTAAAGAAATTGTCAATATTTCTTCAGGTAAA 
CTTAATAGAACTAATAATGTTCTGAATGTCACCT 


00,01 

3264 


AfnHTfi AP ATTP Af5A AP ATT ATT Af^TTPT ATT A A PTTT APPTP A A 
AOO 1 OttV/tt 1 1 UttOnAUA 1 1 A 1 1 AO 1 1 U 1 A 1 1 AAb 1 1 1 Abb 1 bAA 

GAAATATTGACAATTTCTTTAACAATGGCATCCTGGGCTTCTT 
CATATTCTGTTTTA 1 1 1 1 1 GGTATACTCTTCATT 




TTGTTAAAGAAATTGTC — j 


3266 


GACAATTTCTTTAACAA 


3267 


Non polyposis 
colorectal cancer 

GlnfiOITerm 


IGI 1 1 1 IAI ITITATACAGGCTAtGtAGAACCAAtGCAGACACT 
CAATGATGTGTTAGCTCAGCTAGATGCTGTTGTCAGCTTTGCT 
CACGTGTCAAATGGAGCACCTGTTCCATATGTAC 


3268 



CAG-TAG 
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^nicalPhenotype& 


• CorrectingOiigo* . - \ > 1 


1 SEGID 
1 NO: 




GTACATATGGAACAGGTGCTCCATTTGACACGTGAGCAMGC 

TGACAACAGCATCTAGCTGAGCTAACACATCATTGAGTGTCTG 

CATTGGTTCTACATAGCCTGTATAAAAATAAAAACA 


3269 


TGTTAGCTCAGCT AGAT 


3270 


ATCTAGCTGAGCTAACA 


611 \ 


Non polyposis 
colorectal cancer 
Tyr619Term 
TAT-TAG 


AGCTCAGCTAGA 1 1 gttgtcagctttgctcacgtGtcaaat 

GGAGCACCTGTTCCATATGTACGACCAGCCATTTTGGAGAAA 
GGACAAGGAAGAATTATATTAAAAGCATCCAGGCAT 


3272 


atgcctggatgcttttaatataattcttccttgtcctttctcca" 

aaatggctggtcgtacatatggaacaggtgctccatttgaca 

cgtgagcaaagctgacaacagcatctagctgagct 


3273 


GTTCCATATGTACGACC 
GGTCGTACATATGGAAC 


3274 


Non polyposis 
colorectal cancer 
Arg621Term 
CGA-TGA 


CAGCTAGATGCTGTTGTCAGCTTTGCTCACGTGTCAAATGGA 
GCACCTGTTCCATATGTACGACCAGCCATTTTGGAGAAAGGA 
CAAGGAAGMTTATATTAAAAGCATCCAGGCATGCTT 


3276 


MGCATGCCTGGATGCTTTTAATATAATTCTTCCTTGTCCTTTC 

TCCAAAATGGCTGGTCG.TACATATGGAACAGGTGCTCCATTT 

GACACGTGAGCAMGCTGACAACAGCATCTAGCTG 


3277 


CATATGTACGACCAGCC 
GGCTGGTCGTACATATG 


3278 


Non polyposis 
colorectal cancer 
Pro622Leu 
CCA-CTA 


1 AUATGCTGTTG 1 CAGCnTGCTCACGTGTCAAATGGAGClfJ - 

CTGTTCCATATGTACGACCAGCCATTTTGGAGAAAGGACMG 

GAAGAATTATATTAAAAGCATCCAGGCATGCTTGTGT 


3279 
3280 


ACACAAGCATGCCTGGATGCTTI rAATATAATTCTTCCTTGTC 
CTTTCTCCAAAATGGCTGGTCGTACATATGGAACAGGTGCTC 
CATTTGACACGTGAGCAAAGCTGACAACAGCATCTA 


3281 


TGTACGACCAGCCATTT 
AAATGGCTGGTCGTACA 


3282 


Non polyposis 
colorectal cancer 
Ala636Pro 


u; 1 G 1 TCCATATG 1 ACGACCAGCCA 1 1 1 rGGAGAAAGGACAA" 

GGAAGAATTATATTAAAAGCATCCAGGCATGCTTGTGTTGAAG 

TTCAAGATGAAATTGCATTTATTCCTAATGACGTAT 


oioi 
3284 


ATACGTCATTAGGAATAAATGCAATTTCATCTTGAACTTCAACA 
CMGCATGCCTGGATG£TTTTAATATAATTCTrCCTTGTCC'nT 
CTCCAAAATGGCTGGTCGTACATATGGAACAGG 


3285 


TATTAAAAGCATCCAGG 
.VWIlAaAKiUI 1 1 IAAIA 


3286 


Non polyposis 
colorectal cancer 
His639Arg 


ATGTACGACCAGCCA rTTTGGAGAAAGGACAAGGAAGMTTA 
TATTAAAAGCATCCAGGCATGCTTGTGTTGAAGTTCAAGATGA 
AATTGCATTTATTCCTAATGACGTATACTTTGAAAA 


3287 
3288 


CAT-CGT 


1 1 1 ^AAAGTATACGTCATTAGGAATAAATGCAATTTCATCTTG 
MCTTCAACACAAGCATGCCTGGATGCTTTTAATATAATTCTTC 
CTTGTCCTTTCTCCAAAATGGCTGGTCGTACAT 


3289 




ATCCAGGCATGCTTGTG 


3290 
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Clinical Phenotype 4 
Mutation 




SEQID 




CACAAGCATGCCTGGAT 


Ota i 


Non polyposis 
colorectal cancer 
His639Tyr 
CAT-TAT 


TATGTACGACCAGCCATTnGGAGAMGGACMGGAAGWr~ 

ATATTAAAAGCATCCAGGCATGCTTGTGTTGAAGTTCAAGATG 

AMnGCATTTATTCCTAATGACGTATACTTTGAAA 


3292 


TTTCAMGTATACGTCATTAGGAATAAATGCAATTTrATPTTfiA 

i i i w* v wiw i r\ i nv\j i w/» i i rtw wiv* I rvw» 1 VJvnn 1 1 1 \jf \ 1 w 1 1 w/A 

ACTTCAACACAAGCATGCCTGGATGCTTTTAATATAATTCTTC 
CTTGTCCTTTCTCCAAAATGGCTGGTCGTACATA 


o^yo 


CATCCAGGCATGCTTGT 

w/\ i vwnuvjvn i I i w i 


39Q4 

j#iy*i 


ACAAGCATGCCTGGATG 

nunnu w/» i www 1 w w/a I w 


^9Q5 


colorectal cancer 

Glu647Lys 

GAA-AAA 


AAAftfSAPAArSfiAAf-iAAT 1 ATATTAAAA^PATrrA^OrAT/^PTT 
nnnOununnuu/vAOnn 1 I M \ r\ I 1 MMMMVovM 1 1 oU 1 l 

GTGTTGAAGTTCAAGATGAAATTGCATTTATTCCTAATGACGT 
ATACTTTGAAAAAGATAAACAGATGTTCCACATCA 


o^yo 


TGATGTGGAACATCTGTTTATC 1 1 1 1 1 nAAARTATArftTrATTA 

i 1 w 1 Uvnnun 1 w 1 w 1 1 IAI vl 1 1 1 1 w/vrv\w 1 r* 1 "Uu 1 w n 1 1 r\ 

GGAATAAATGCAATTTCATCTTGAACTTCAACACAAGCATGCC 
TGGATGCI 1 1 1 AATATAATTCTTCCTTGTCCTTT 


^9Q7 


TTCAAGATGAAATTGCA 

1 i vnnvjn i w/wuV i 1 wwrA 




TGCAATTTCATCTTGAA 

i w wrvi i i i un i w i i \3nn 


o^yy 


Non doIvdosi's 
colorectal cancer 
Tyr656Term 
TAC-TAG 


ATCCAGGCATGCTTGTGTTGAAGTTCAAGATGAAATTGrATTT 

#ii ww#\wwwr* I WW I 1 w 1 W 1 1 W7i#Vw 1 1 wnnVJn 1 VjiWi 1 1 W W/ \ 1 1 1 

AnCCTAATGACGTATACTTTGAAAAAGATAAACAGATGTTCCA 
CATCATTACTGGTAAAAAACCTGGTTTTTGGGCT 


oouu 


AGnrnAAAAArrA^^TTTTTTAPrAfiTAATOATPTPPAAPATr 
MOwwU/VvvvAwwMOO IIIIM MUOMo 1 MM 1 oM 1 w" 1 w'w'MMwM 1 0 

TGTTTATCI 1 1 1 1 CAAA6TATACGTCATTAGGAATAAATGCAAT 
TTCATCTTGAACTTCAACACAAGCATGCCTGGAT 


ooul 


GACGTATACTTTGAAAA 


ooUZ 


TTTTCAAAGTATAPfiTr 


JJUo 


Non polyposis 
colorectal cancer 
Gly674Asp 
GGT-GAT 


GAMGMGTnAAMTCnGCTTTCTGATATMTTTGTTTTGTA 
GGCCCCAATATGGGAGGTAAATCAACATATATTCGACAAACT 
GGGGTGATAGTACTCATGGCCCAAATTGGGTGTTT 


3304 


AAACACCCAATTTGGGCCATGAGTACTATCACCCCAGTTTGTC 

GAATATATGTTGATTTACCTCCCATATTGGGGCCTACAAAACA 

MTTATATCAGAMGCMGATTTTAAACTTCTTTC 


3305 


TATGGGAGGTAAATCAA 


3306 


TTGATTTACCTCCCATA 


3307 


Non polyposis 
colorectal cancer 
Arg680Term 
CGA-TGA 


TTGCTTTCTGATATAAI 1 IGI 1 1 IGTAGGCCCCAATATGG6AG 
GTAAATCAACATATATTCGACAAACTGGGGTGATAGTACTCAT 
GGCCCAAATTGGGTGTTTTGTGCCATGTGAGTCAG 




CTGACTCACATGGCACAAAACACCCAATTTGGGCCATGAGTA 
CTATCACCCCAGTTTGTCGAATATATGTTGATTTACCTCCCAT 
ATTGGGGCCTACAAAACAAATTATATCAGAAAGCAA 


3309 


CATATATTCGACAAACT 


3310 


AGTTTGTCGAATATATG 


3311 
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||Hca! Pheno||||| 


:" P ... Correcting Giigos s " ; 


; m: 


Non polyposis 
colorectal cancer 
Gly692Arg 
GGG-CGG 


ATGGGAGGTAAATCAACATATATTCGACAAACTGGGGTGATA 
GTACTCATGGCCCAAATTGGGTGTTTTGTGCCATGTGAGTCA 
GCAGAAGTGTCCATTGTGGACTGCATCTTAGCCCGAG 


3312 


CTCGGGCTAAGATGCAGTCCACAATGGACACTTCTGCTGACT 
CACATGGCACAAAACACCCAATTTGGGCCATGAGTACTATCA 
CCCCAGTTTGTCGAATATATGTTGATTTACCTCCCAT 


3313 


CCCAAATTGGGTGTTTT 


3314 


AAAACACCCAATTTGGG 


3315 


Non polyposis 
colorectal cancer 
Cys697Arg 
TGT-CGT 


ACATATATTCGACAAACTGGGGTGATAGTACTCATGGCCCAAA 

TTGGGTGTTTTGTGCCATGTGAGTCAGCAGAAGTGTCCATTG 

TGGACTGCATCTTAGCCCGAGTAGGGGCTGGTGACA 


3316 


TGTCACCAGCCCCTACTCGGGCTAAGATGCAGTCCACAATGG 

ACACTTCTGCTGACTCACATGGCACAAAACACCCAATTTGGG 

CCATGAGTACTATCACCCCAGTTTGTCGAATATATGT 


3317 


TTGTGCCATGTGAGTCA 


3318 


TGACTCACATGGCACAA 


3319 I 


Non polyposis 
colorectal cancer 
Cys697Phe 
TGT-TTT 


CATATATTCGACAAACTGGGGTGATAGTACTCATGGCCCAAAT 

TGGGTGTTTTGTGCCATGTGAGTCAGCAGAAGTGTCCATTGT 

GGACTGCATCTTAGCCCGAGTAGGGGCTGGTGACAG 


3320 


CTGTCACCAGCCCCTACTCGGGCTAAGATGCAGTCCACAATG 

GACACTTCTGCTGACTCACATGGCACAAAACACCCAATTTGG 

GCCATGAGTACTATCACCCCAGTTTGTCGAATATATG 


3321 


TGTGCCATGTGAGTCAG 


3322 


CTGACTCACATGGCACA 


3323 


Non polyposis 
colorectal cancer 
Gln718Term 
CAA-TAA 


GAGTCAGCAGAAGTGTCCATTGTGGACTGCATCTTAGCCCGA 
GTAGGGGCTGGTGACAGTCAATTGAAAGGAGTCTCCACGTTC 
ATGGCTGAAATGTTGGAAACTGCTTCTATCCTCAGGT 


3324 


ACCTGAGGATAGAAGCAGTTTCCAACATTTCAGCCATGAACG 
TGGAGACTCCTTTCAATTGACTGTCACCAGCCCCTACTCGGG 
CTAAGATGCAGTCCACAATGGACACTTCTGCTGACTC 


3325 


GTGACAGTCAATTGAAA 


3326 


TTTCAATTGACTGTCAC 


3327 


Non polyposis 
colorectal cancer 
Leu811Term 
TTA-TGA 


CCAATCAGATACCAACTGTTAATAATCTACATGTCACAGCACT 
CACCACTGAAGAGACCTTAACTATGCTTTATCAGGTGAAGAAA 
GGTATGTACTATTGGAGT ACTCTAAATTCAGAACT 


3328 


AGTTCTGMTTTAGAGTACTCCAATAGTACATACCTTTCTTCAC 

CTGATAAAGCATAGTTAAGGTCTCTTCAGTGGTGAGTGCTGT 

GACATGTAGATTATTAACAGTTGGTATCTGATTGG 


3329 


AGAGACCTTAACTATGC 


3330 


GCATAGTTAAGGTCTCT 


3331 


Non polyposis 
colorectal cancer 
A!a834Thr 


TTCCCCAAATTTCTTATAGGTGTCTGlGATCAAAGTTTTGGGA 
TTCATGTTGCAGAGCTTGCTAATTTCCCTAAGCATGTAATAGA 
GTGTGCTAAACAGAAAGCCCTGGAACTTGAGGAGT 


3332 



GCT-ACT 



WO 01/73002 



-227- 



PCT/US01/09761 





, r. , : , Correcting OHgos s , ; 

• ■ - > \. I 


SEQ>!D< 
HQ' 




ACTCCTCAAGTTCCAGGGCTTTCTGTTTAGCACACTCTATTAC 
ATGCTTAGGGAAATTAGCAAGCTCTGCAACATGAATCCCAAAA 
CTTTGATCACAGACACCTATAAGAAATTTGGGGAA 


3333 


CAGAGCTTGCTAATTTC 




GAAATTAGCAAGCTCTG 


3335 


Non polyposis 
colorectal cancer 
Gln861Term 
CM-TM 


ATAGAGTGTGCTAAACAGAAAGCCCTGGAAC1TGAGGAGTTT 

CAGTATATTGGAGAATCGCAAGGATATGATATCATGGAACCAG 

CAGCAAAGAAGTGCTATCTGGAAAGAGAGGTTTGTC 


3336 


GACAAACCTCTCTTTCCAGATAGCACTTCTTTGCTGCTGGTTC 
CATGATATCATATCCTTGCGATTCTCCAATATACTGAAACTCCT 
CAAGTrCCAGGGCTTTCTGnTAGCACACTCTAT 


3337 


GAGAATCGCAAGGATAT 


3338 


ATATCCTTGCGATTCTC 


3339 


Non polyposis 
colorectal cancer 
Thr905Arg 
ACA-AGA 


AGGAGTTCCTGTCCAAGGTGAAACAAATGCCCTTTACTGAAAT 

GTCAGAAGAAAACATCACAATAAAGTTAAAACAGCTAAMGCT 

GAAGTAATAGCAAAGAATAATAGCTTTGTAAATGA 


3340 


TCATTTACAAAGCTATTATTC 1 1 1 GCTATTACTTCAGC 1 1 1 IAG 
CTGI II IAACI 1 IAI IGIGAIGI 1 1 1 CTTCTGACATTTCAGTAA 
AGGGCATTTGTTTCACCTTGGACAGGAACTCCT 


3341 


AAACATCACAATAAAGT 


3342 


ACTTT ATTGTGATGTTT 


3343 



EXAMPLE 19 
Human mismatch repair ■ MSH6 

The human MSH6 gene is homologous to the bacterial mutS gene, which is involved in 
mismatch repair. Mutations in the MSH6 gene have been identified in a variety of cancers, including 
particularly hereditary nonpolyposis colorectal cancer. The attached table discloses the correcting 
oligonucleotide base sequences for the MSH6 oligonucleotides of the invention. 



Table 26 

MSH6 Mutations and Genome-Correcting Olioos 



C6nicaiPhenotype& 
Mutation 




. Correcting Oiigos 


?| 1 if 


SEQID 
NO: 


Non-polyposis 
colorectal cancer 
Ser144lle 


GGAAATCAGTCCGTGTTCATGTACAGTTTTTTGATGACAGCCC 

AACAAGGGGCTGGGTTAGCAAAAGGCTnTAAAGCCATATAC 

AGGTAAGAGTCACTACTGCCATGTGTGTGTGTTTGT 


3344 



AGC-ATC 
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i 

Correcting Olfgos , ; 

j • ■ • - ■• 


FsIqid^ 

I NO; 




ACAMCACACACACATGGCAGTAGTGACTCTTACCTGTATATG 

GCTTTAAMGCCTTTTGCTAACCCAGCCCCTTGTTGGGCTGT 

CATCAAAAAACTGTACATGAACACGGACTGATTTCC 


13345 




CTGGGTTAGCAAAAGGC 


3346 




GCCTTTTGCTAACCCAG 


3347 


Endometrial cancer 

Ser156Term 

TCA-TGA 


CGTGAGCCTCTGGACCCGGCCCI iai r GTTTATAAATACATTT 
CTTTCTAGGTTCAAAATCAAAGGAAGCCCAGAAGGGAGGTCA 
1 1 1 1 1 ACAGTGCAAAGCCTGAAATACTGAGAGCAAT 


3348 




ATTGCTCTCAGTATTTCAGGCTTTGCACTGTAAAAATGACCTC 
CCnCTGGGCTTCCTTTGATTrTGAACCTAGAAAGAAATGTAT 
TTATAAACAATAAGGGCCGGGTGCAGAGGCTCACG 


3349 




TTCAAAATCAAAGGMG 


3350 




CTTCCTTTGATTTTGAA 


3351 


Early onset colorectal 
cancer 
Tyr214Term 
TAC-TAG 


TTCCAAAl 1 1 1 GATTTGTTTTTAAATACTCTTTCCTTGCCTGGC 
AGGTAGGCACMCTTACGTAACAGATAAGAGTGAAGAAGATA 
ATGAMTTGAGAGTGAAGAGGAAGTACAGCCTAAG 


3352 


CnAGGCTGTACTTCCTCTTCACTCTCAATTTCATTATCTTCn 

CACTCTTATCTGTTACGTAAGTTGTGCCTACCTGCCAGGCM 

GGAMGAGTATTTAAAAACAAATCAAAATTTGGAA 


3353 




ACAACTTACGTAACAGA 


3354 




TCTGTTACGTAAGTTGT 


3355 


Endometrial cancer 

Arg248Term 

CGA-TGA 


UMGAGGAAGTACAGCCTAAGACACMGGATCTAGGCGAAGT 

AGCCGCCAAATAAAAAAACGAAGGGTCATATCAGATTCTGAG 

AGTGACATTGGTGGCTCTGATGTGGMTTTAAGCCAG 


3356 




ctggcttaaattccacatcagagccaccaatgtcactctcaga" 

atctgatatgacccttcgtttttttatttggcggctacttcgc 

ctagatccttgtgtcttaggctgtacttcctcttc 


3357 




TAAAAAAACGAAGGGTC 


3358 




GACCCTTCGI 1 1 1 1 1 TA 


3359 


colorectal cancer 

Ser285lle 

AGT-ATT 


i iaagccagacactaaggaggaaggaagCagtgatgaaataa ' 

gcagtggagtgggggatagtgagagtgaaggcctgaacagc 

cctgtcaaagttgctcgamgcggmgagaatggtgac 


3360 




GTCACCATTCTCTTCCGCTTTCGAGCAACTTTGACAGGGCTG 
TTCAGGCCTTCACTCTCACTATCCCCCACTCCACTGCTTATTT 
CATCACTGCTTCCTTCCTCCTTAGTGTCTGGCTTAA 


3361 




GGGGGATAGTGAGAGTG 


3362 




CACTCTCACTATCCCCC 


3363 


Colorectal cancer 

Gly566Arg 

GGA-AGA 


(iAGGAAGATTCTTC , oGCCATACTCGTGCATATGGTGTGTGC " 

mGnGATACnCACTGGGAMGTTmCATAGGTCAGTTTTC 

AGATGATCGCCATTGTTCGAGATTTAGGACTCTAG 


3364 
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Clinical PhenotypeA 
i Mutation , 


* Correctsrig Oligos 


SEQ10 

NO: 




CTAGAGTCCTAAATCTCGAACAATGGCGATCATCTGAAAACTG 
ACCTATGAAAAACTTTCCCAGTGAAGTATCAACAAAGCArArA 

CCATATGCACGAGTATGGCCAGAAGAATCTTCCTC 


3365 


CTTCACTGGGAAAGTTT 


3366 


AAAL 1 1 1 UCUAGTGAAG 


3367 j 


Non-polyposis 
colorectal cancer 
Gln698Glu 
CAG-GAG 


GAATTGGCCCTCTCTGCTCTAGGTGGTTGTGTCTTCTACCTC 
AAAAMTGCCTTATTGATCAGGAGCTTTTATCAATGGrTAATTT 

TGAAGAATATATTCCCTTGGATTCTGACACAGTCA 


3368 


TGACTGTGTCAGAATCCAAGGGAATATATTCTTCAAAATTAGC 
CAnGATAAMGCTCCTGATCMTMGGCATTTTTTGAGRTAft 

AAGACACAACCACCTAGAGCAGAGAGGGCCAATTC 


3369 


TTATTGATCAGGAGCTT 


3370 


AAGCTCCTGATCAATAA 


3371 


Endometrial cancer 

Gln731Term 

CAA-TAA 


CCCTTGGATTCTGACACAGTCAGCACTACAAGATCtGGtGCT 
ATCTTCACCAAAGCCTATCAACGAATGGTGCTAGATGPAftTft 

ACATTAAACAACTTGGAGATTTTTCTGAATGGAACAA 


3372 


TTGTTCCATTCAGAAAAATCTCCAAGTTGTTTAATGTCACTGCA 
TCTAGCACCATTCGTTGATAGGCTTTGGTGAAfiATAfsrArrA 

GATCTTGTAGTGCTGACTGTGTCAGAATCCAAGGG 


3373 


AAGCCTATCAACGAATG 


3374 


CATTCGTTGATAGGCTT 


3375 


Colorectal cancer 

Val800Leu 

GTT-CTT 


CCATAGAAGACCTCATGGTTGTGCCTGACAAAATrTrPRAAf; 
TTGTAGAGCTTCTAAAGAAGCTTCCAGATCTTGAGA 


3376 


TCTCAAGATCTGGAAGCTTCTTTAGAAGCTCTACAACTTCGGA 
GATTTTGTCAGGCACAACCATGAGGTCTTCTATGGrATrTAftA 

CGATCATTAATAGCATAATGGTTACAGAGTGGGGC 


3377 


ACCTCATGGTTGTGCCT 


3378 


AGGCACAACCATGAGGT 


3379 


Colorectal cancer 

Asp803Gly 

GAC-GGC 


GTAACCATTATGCTATTAATGATCGTCTAGATGCCATAGAAGA 
CCTCATGGTTGTGCCTGACAAAATCTCCGAAGTTGTAGA^rT 

TCTAAAGAAGCTTCCAGATCTTGAGAGGCTACTCAG 


3380 


CTGAGTAGCCTCTCAAGATCTGGAAGCTTCTTTAGAAGCTCTA 
CAACTTCGGAGAI 1 1 1 GTCAGGCACAACCATGAGGTCTTCTAT 
GGCATCTAGACGATCATTAATAGCATAATGGTTAC 


3381 


TGTGCCTGACAAAATCT 


3382 


AGATTTTGTCAGGCACA 


3383 


Non-polyposis 
colorectal cancer 

Tvr850CyR 


CTCCCCTGAAGAGTCAGAACCACCCAGACAv-JAGGGCTATAA' 

TGTATGAAGAAACTACATACAGCAAGAAGAAGATTATTGATTT 

TCTTTCTGCTCTGGAAGGATTCAAAGTAATGTGTAA 


3384 



TAC-TGC 



WO 01/73002 



-230- 



PCT/US01/09761 





r ' \ , <, . Correcting Qligos s 1 - 


SEQIO 




TTACACATTACT7TGAATCCTTCCAGAGCAGAAAGMAATCAA 
TAAtCTTCTTCTTGCTGTATGTAGTTTCTTCATACATTATAGCC 
CTGCTGTCTGGGTGGTTCTGACTCTTCAGGGGAG 


3385 


AACTACATACAGCAAGA 


3386 


TCTTGCTGTATGTAGTT 


3387 


Colorectal cancer 

Pro1087Thr 

CCC-ACC 


1 A 1 AyTCGAGGCaGGTGATGGTCCTATGtGTCGCCCAGTAATT 
CTGTTGCCGGAAGATACCCCCCCCTTCTTAGAGCTTAAAGGA 
TCACGCCATCCTTGCATTACGMGACTTTTTTTGGAG 


3388 


CTCCAAAAAAAGTCTTCGTAATGCMGGATGGCGTGATCCTTT 
AAGCTCTAAGMGGGGGGGGTATCTTCCGGCMCAGAATTAC 
TGGGCGACACATAGGACCATCACCCCCTCGACTATA 


3389 


AAGATACCCCCCCCTTC 


3390 


GAAGGGGGGGGTATCTT 


3391 


Non-polyposis 
colorectal cancer 
Gln1258Term 
CAA-TAA 


AC TA rAAAATGTCU 1 ACA 1 IAI 1 1 1 CAACTCACTACCATTCATT 
AGTAGAAGATTATTCTCAAAATGTTGCTGTGCGCCTAGGACAT 
ATGGTATGTGCAMnGTTTTTTTCCACAMTTC 


3392 


GAATTTGTGGAAAAAAACAATTTGCACATACCATATGTCCTAG 
GCGCACAGCAACATTTTGAGMTAATC7TCTACTAATGAATGG 
TAGTGAGTTGAAAATAATGTACGACATTTTATAGT 


3393 


ATTATTCTCAAAATGTT 


3394 


AACAI 1 1 IGAGAATAAT 


3395 



EXAMPLE 20 
Hvperflpidemia - APOE 

Hyperlipemia is the abnormal elevation of plasma cholesterol and/or triglyceride levels 
and It is one of the most common diseases. The human apolipoprotein E protein is involved in the 
transport of endogenous lipids and appears to be crucial for both the direct removal of cholesterol-rich 
LDL from plasma and conversion of IDL particles to LDL particles. Individuals who either lack 
apolipoprotein E or who are homozygous for particular alleles of apoE may have have a condition known 
as dysbetalipoproteinemia, which is characterized by elevated plasma cholesterol and triglyceride levels 
and an increased risk for atherosclerosis. 

In a comprehensive review of apoE variants, de Knijff et al., Hum. Mutat. 4:178-194 
(1 994) found that 30 variants had been characterized, including the most common variant apoE3. To 
that time, 14 apoE variants had been found to be associated with familial dysbetalipoproteinemia. The 
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attached table discloses the correcting oligonucleotide base sequences for the APOE oligonucleotides of 
the invention. 



Table 27 

APOE Mutations and Genome-Correcting Oligos 



Cfinicaf Phenotype & 


Correcting Oligos 


SEQJD 
NO; 


Apolipoprotein E 

vjiu i jt_yo 

cGAG-AAG 


1 Ibl 1UCACACAGGATGCCAGGCCAAGGTGGAGCAAGCGGT 
ouAoAUAbAbuubbAbbbOuAbO 1 bCGCCAGCAGACCGAG 
TGGCAGAGCGGCCAGCGCTGGGAACTGGCACTGGGTCGCT 


3396 


AGCGACCCAGTGCCAGTTCCCAGCGCTGGCCGCTCTGCCAC 
I bbb 1 b 1 bb 1 bbbGCAGCTCGGGCTCCGGCTCTGTCTCCAC 
CGCTTGCTCCACCTTGGCCTGGCATCCTGTGTGGAACAA 


3397 


CGGAGCCCGAGCTGCGC 


3398 


a ^z^ - ~^/~'/~i/'>^~ - /~»/~i,/"n 

GCGCAGCTCGGGCTCCG 


3399 


Apolipoprotein E 

Trp20Term 

TGGc-TGA 


b'AAb'G 1 GGAGCAAGCGGTGGAGACAGAGCCGGAGCCCGAG 
CTGCGCCAGCAGACCGAGTGGCAGAGCGGCCAGCGCTGGG 
AACTGGCACTGGGTCGCTTTTGGGATTACCTGCGCTGGGTG 


3400 


CACCCAGCGCAGGTAATCCCAAAAGCGACCCAGTGCCAGTT 
CCCAGCGCTGGCCGCTCTGCCACTCGGTCTGCTGGCGCAGC 
1 Obbbb 1 LubbOTUTGTCTCCACCGCTTGCTCCACCTTG 


3401 


ACCGAGTGGCAGAGCGG 


3402 


CCGCTCTGCCACTCGGT 


3403 


Apolipoprotein E 
Leu28Pro 


CAGAGCCGGAGCCCGAGCTGCGCCAGCAGACCGAGTGGCA 

O A P/^O^/^^ A f^r*f^r\~Vf^f*f** A A /"\^*^%/"\r~» a r~i~i~j~L.r~Lj~L~i~jn.-~T.--L ■ i 

bAbuGbCCAGCGCTGGGMCTGGCACTGGGTCGCTTTTGGG 

A J 1 AOb 1 bObb 1 bob 1 bbAbALAL 1 b 1 bT bAGCAGGTGCA 


3404 


TGCACCTGCTCAGACAGTGTCTGCACCCAGCGCAGGTAATCC 
CAAAAGCGACCCAGTGCCAGTTCCCAGCGCTGGCCGCTCTG 

\j\sr\\s 1 uv~i\~ i \j I \"w 1 OOUOOnvj- 1 L/bbbb 1 bvsbbb f U 1 b 


3405 


CTGGGAACTGGCACTGG 


3406 


CCAGTGCCAGTTCCCAG 


3407 


Apolipoprotein E 

Cys112Arg 

gTGC-CGC 


CGGCTGTCCAAGGAGCTGCAGGCGGCGCAGGCCCGGCTGG 
GCGCGGACATGGAGGACGTGIGCGGCCGCCTGGTGCAGTA 
CCGCGGCGAGGTGCAGGCCATGCTCGGCCAGAGCACCGAG 
G 


3408 


CCTCGGTGCTCTGGCCGAGCATGGCCTGCACCTCGCCGCGG 
TACTGCACCAGGCGGCCGCACACGTCCTCCATGTCCGCGCC 
CAGCCGGGCCTGCGCCGCCTGCAGCTCCTTGGACAGCCG 


3409 


AGGACGTGTGCGGCCGC 


3410 


GCGGCCGCACACGTCCT 


3411 


Apolipoprotein E 

Gly127Asp 

GRH-GAC 


ACATGGAGGACGTGTGCGGCCGCCTGGTGCAGTACCGCGG 
CGAGGTGCAGGCCATGCTCGGCCAGAGCACCGAGGAGCTG 
CGGGTGCGCCTCGCCTCCCACCTGCGCAAGCTGCGTAAGCG 


3412 
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I ' j ' Corr^tingOligo's " . I SEoio" 

J_ L-r ; . - - - . , J HQ: 




PGPTTAPf^P AftPTTfSPrsp At^r^TP/^r* a por^p a r*r*r>r*r> a r*r*r\ 
1 1 ™^V3LfMou I 1 oubbAob 1 bbbAbbbGAbGCGCACCC 

GCAGCTCPTnGftTGPTPTra^PP^AtOPATPPPPTnr a nn>Tnr> 
uonu ^ 1 1 woo i \j\s I u i oouobAobA I bol/U 1 obALbTbG 

uoouovj i Ab I bbAbbAbbbbbbbbbACACGTCCTCCATGT 


3413 


CATGCTCGGCCAGAGCA 


3414 


TGCTCTGGCCGAGCATG 


3415 


Apolipoprotein E 

Arg136Cys 

gCGC-TGC 


u i oumo I AObobbbbbAbb 1 bbAbbbbATGCTCGGCCAGA 
GCACCGAGGAGCTGCGGGTGCGCCTCGCCTCCCACCTGCG 
CAAGCTGCGTAAGCGGCTCCTCCGCGATGCCGATGACCTGC 


3416 


oomvjo i uai ObobA 1 bbbbbAbbAbbbbCTTACGCAGCTTG 
ovjwvjoi oooMUouv^ouUVJbAbbbbbAbb 1 bbTCGGTGC 
TCTGGCCGAGPATGGPPTftPAPPTPPPPPPrr>TArTy>nAn 


3417 


TGCGGGTGCGCCTCGCC 


3418 I 


GGCGAGGCGCACCCGCA 


3419 


Apolipoprotein E 

Arg136His 

CGC-CAC 


i vau/«3 1 rtUUlaUljljlylj(AbL> 1 uUAbbUl/A 1 GCTCGGCCAGAG 
CACCGAGGAGCTGCGGGTGCGCCTCGCCTCCCACCTGCGC 
AAGCTGCGTMGCGGCTCCTCCGCGATGCCGATGACCTGCA 


3420 


i <jUA<jb i bA i bbbbA I bbbGGAGGAGCCGCTTACGCAGCTT 
uV/ounu\j i vjoi^AbbbbAbbbbbAbbbbbAGCTCCTCGGTG 
CTCTGGCCGAGPATGftPPTftPAPPTPPPrrsrr^TAnTrv^A 


3421 


GCGGGTGCGCCTCGCCT 


3422 


AGGCGAGGCGCACCCGC 


3423 


Apolipoprotein E 

Arg136Ser 

gCGC-AGC 


va i oontj i MOOUOUbObAbb 1 bLAbbLOATGCTCGGCCAGA 
GCACCGAGGAGCTGCGGGTGCGCCTCGCCTCCCACCTGCG 
CAAGCTGCGTAAGCGGCTCCTCCGCGATGCCGATGACCTGC 


3424 


oonvjo l ^A 1 obObA 1 bbbbbAbbAbbbbCTTACGCAGCTTG 

CGCAGGTGGGAfifiPfJAftftPftPAPPPPrMr^rTnnTnr^Tv^ 
i uuuMOUUUMoljOULrAbbbbbAbb 1 bb 1 bbGTGC 

TPT^^PPi^AriP AT^PP^Tr*^ Aor^Tr^/^ono^o^TA r>T/^ok a /\ 
i u i uoL.WjAUbAI bbbb I bbAbbTbbCCGCGGTACTGCAC 


3425 


TGCGGGTGCGCCTCGCC 


3426 ! 


GGCGAGGCGCACCCGCA 


3427 


Apolipoprotein E 

Arg142Cys 

gCGC-TGC 


GTGPAGGPPATnPTP^^PPAiOAr^rAPrr 1 A nn a r*r>-rr>r^r^r>r> — 
vj i uun\jo^^n i i UooUUAoAbbAbbbAbbAbb l bbGGG 

TGCGCCTCGCCTCCCACCTGCGCAAGCTGCGTAAGCGGCTC 
CTCCGCGATGCCGATGACCTGCAGAAGCGCCTGGCAGTGT 


3428 


ACACTGPPAGGPftPTTPTftPA^PTP ATPnnr atwpp a r*^ " 
n\jr\\j i xjv/unvjov/OU i I L» I oOAbb 1 bA 1 bbbbA I bbbbbAGG 

AGCCGCTTACGCAGCTTGCGCAGGTGGGAGGCGAGGCGCA 
CCCGCAGCTCCTCGGTGCTCTGGCCGAGCATGGCCTGCAC 


3429 


CCCACCTGCGCAAGCTG 


3430 


CAGCTTGCGCAGGTGGG 


3431 


Apolipoprotein E 

Arg142Leu 

CGC-CTC 


TGCAGGCCATGCTCGGCCAGAGCACCGAGGAGCTGCGGGT 

GCGCCTCGCCTCCCACCTGCGCAAGCTGCGTAAGCGGCTCC 

TCCGCGATGCCGATGACCTGCAGAAGCGCCTGGCAGTGTA 


3432 




TACACTGCCAGGCGCTTCTGCAGGTCATCGGCATCGCGGAG 
GAGCCGCTTACGCAGCTTGCGCAGGTGGGAGGCGAGGCGC 
ACCCGCAGCTCCTCGGTGCTCTGGCCGAGCATGGCCTGCA ! 


3433 




CCACCTGCGCAAGCTGC 


3434 
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Clinical Phenoty P e& 
Mutation 


, , Correcting Oligos 

- . - " - i 


SEQID 

NO: 




GCAGCTTGCGCAGGTGG 


3435 


Apolipoprotein E 

Arg145Cys 

gCGT-TGT 


ATGCTCGGCCAGAGCACCGAGGAGCTGCGGGTGCGCCTCG 
CCTCCCACCTGCGCAAGCTGCGTAAGCGGCTCCTCCGCGAT 
GCCGATGACCTGCAGAAGCGCCTGGCAGTGTACCAGGCCG 


3436 


CGGCCTGGTACACTGCCAGGCGCTTCTGCAGGTCATCGGCA 
TCGCGGAGGAGCCGCTTACGCAGCTTGCGCAGGTGGGAGG 
CGAGGCGCACCCGCAGCTCCTCGGTGCTCTGGCCGAGCAT 


3437 


GCAAGCTGCGTAAGCGG 


3438 


CCGCTTACGCAGCTTGC 


3439 


Apolipoprotein E 

Arg145Pro 

CGT-CCT 


TGCTCGGCCAGAGCACCGAGGAGCTGCGfiRTfiPfiir'^Trfir 
CTCCCACCTGCGCAAGCTGCGTAAGCGGCTCCTCCGCGATG 
CCGATGACCTGCAGAAGCGCCTGGCAGTGTACCAGGCCGG 


0*f*fU 


CCGGCCTGGTACACTGCCAGGCGCTTCTGCAGGTCATCGGC 

ATCGCGGAGGAGCCGCTTA£GCAGCTTGCGCAGGTGGGAG 

GCGAGGCGCACCCGCAGCTCCTCGGTGCTCTGGCCGAGCA 


3441 


CAAGCTGCGTAAGCGGC 


3442 

w Til 


GCCGCTTACGCAGCTTG i 


3443 


Apolipoprotein E 

Lys146Gln 

tAAG-CAG 


CTCGGCCAGAGCACCGAGGAGCTGCGGGTGCGCCTCGCCT 

CCCACCTGCGCAAGCTGCGTAAGCGGCTCCTCCGCGATGCC 

GATGACCTGCAGAAGCGCCTGGCAGTGTACCAGGCCGGGG 


3444 


CCCCGGCCTGGTACACTGCCAGGCGCTTCTGCAGGTCATCG 

GCATCGCGGAGGAGCCGCTTACGCAGCTTGCGCAGGTGGGA 

GGCGAGGCGCACCCGCAGCTCCTCGGTGCTCTGGCCGAG 




AGCTGCGTAAGCGGCTC 


3448 


GAGCCGCTTACGCAGCT 


3447 


Apolipoprotein E 

Lys146Glu 

tAAG-GAG 


CTCGGCCAGAGCACCGAGGAGCTGCGGGTGCGCCTCGCCT 

CCCACCTGCGCAAGCTGCGTAAGCGGCTCCTCCGCGATGCC 

GATGACCTGCAGAAGCGCCTGGCAGTGTACCAGGCCGGGG 


3448 


CCCCGGCCTGGTACACTGCCAGGCGCTTCTGCAGGTCATCG 

GCATCGCGGAGGAGCCGCTTACGCAGCTTGCGCAGGTGGGA 

GGCGAGGCGCACCCGCAGCTCCTCGGTGCTCTGGCCGAG 


3449 


AGCTGCGTAAGCGGCTC 


3450 


GAGCCGCTTACGCAGCT 


3451 


Apolipoprotein E 

Arg158Cys 

gCGC-TGC 


GCCTCCCACCTGCGCAAGCTGCGTAAGCGGCTCCTCCGCGA 
TGCCGATGACCTGCAGAAGfiGCCTGGCAGTGTACCAGGCCG 
GGGCCCGCGAGGGCGCCGAGCGCGGCCTCAGCGCCATCC 


3452 


GGATGGCGCTGAGGCCGCGCTCGGCGCCCTCGCGGGCCCC 

GGCCTGGTACACTGCCAGGCGCTTCTGCAGGTCATCGGCAT 

CGCGGAGGAGCCGCTTACGCAGCTTGCGCAGGTGGGAGGC 


3453 


TGCAGAAGCGCCTGGCA 


3454 


TGCCAGGCGCTTCTGCA 


3455 
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ClinicalPhenptype& 


^ _ , ; : — : ~ 

v - - - * j c 




Apoiipoprotein E 

Gln187Glu 

aCAG-GAG 


CGCGAGGGCGCCGAGCGCGGCCTCAGCGCCATCCGCGAGC 

GCCTGGGGCCCCTGGTGGAACAGGGCCGCGTGCGGGCCGC 

CACTGTGGGCTCCCTGGCCGGCCAGCCGCTACAGGAGCGG 
G 


3456 


CCCGCTCCTGTAGCGGCTGGCCGGCCAGGGAGCCCACAGT 

GGCGGCCCGCACGCGGCCCTGTTCCACCAGGGGCCCCAGG 

CGCTCGCGGATGGCGCTGAGGCCGCGCTCGGCGCCCTCGC 
G 


3457 


TGGTGGAACAGGGCCGC 


3458 


GCGGCCCTGTTCCACCA 


3459 


Apoiipoprotein E 

Trp210Term 

TGG-TAG 


I GCJGGGCCGCCACTGTGGGCTCCC I GGCCGGCCAGCCGCT 

ACAGGAGCGGGCCCAGGCCTGGGGCGAGCGGCTGCGCGC 

GCGGATGGAGGAGATGGGCAGCCGGACCCGCGACCGCCTG 
GA 


3460 


TCCAGGCGGTCGCGGGTCCGGCTGCCCATCTCCTCCATCCG 
CGCGCGCAGCCGCTCGCCCCAGGCCTGGGCCCGCTCCTGT 
AGCGGCTGGCCGGCCAGGGAGCCCACAGTGGCGGCCCGCA 


3461 


CCAGGCCTGGGGCGAGC 


3462 


GCTCGCCCCAGGCCTGG 


3463 


Apoiipoprotein E 

Arg228Cys 

cCGC-TGC 


CAGGCCTGGGGCGAGCGGCTGCGCGCGCGGATGGAGGAGA 

TGGGCAGCCGGACCCGCGACCGCCTGGACGAGGTGMGGA 

GCAGGTGGCGGAGGTGCGCGCCAAGCTGGAGGAGCAGGCC 
C 


3464 


GGGCCTGCTCCTCCAGCTTGGCGCGCACCTCCGCCACCTGC 
TCCTTCACCTCGTCCAGGCGGTCGCGGGTCCGGCTGCCCAT 
CTCCTCCATCCGCGCGCGCAGCCGCTCGCCCCAGGCCTG 


3465 


CCCGCGACCGCCTGGAC 


3466 


GTCCAGGCGGTCGCGGG 


3467 


Annlmnnrntain C 

Mponpoprotein t 

Glu244Lys 

gGAG-AAG 


UaGAOLCGCGACCGCCTGGACGAGGTGAAGGAGCAGGTGG 
CGGAGGTGCGCGCCAAGCTGGAGGAGCAGGCCCAGCAGAT 
ACGCCTGCAGGCCGAGGCCTTCCAGGCCCGCCTCAAGAGCT 


3468 


AGCTCTTGAGGCGGGCCTGGAAGGCCTCGGCCTGCAGGCGT 

ATCTGCTGGGCCTGCTCCTCCAGCTTGGCGCGCACCTCCGC 

CACCTGCTCCTTCACCTCGTCCAGGCGGTCGCGGGTCCG 


3469 


CCAAGCTGGAGGAGCAG 


3470 


CTGCTCCTCCAGCTTGG 


3471 



EXAMPLE 21 
Familial hypercholesterolemia - LDLR 

Familial hypercholesterolemia is characterized by elevation or serum cholesterol bound 
to low density lipoprotein (LDL) and is, hence, one of the conditions producing a hyperlipoproteinemia 
phenotype. Familial hypercholesterolemia is an autosomal dominant disorder characterized by elevation 
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of serum cholesterol bound to low density lipoprotein (LDL). Mutations in the LDL receptor (LDLR) gene 
cause this disorder. The attached table discloses the correcting oligonucleotide base sequences for the 
LDLR oligonucleotides of the invention. 



Table 28 

LDLR Mutations and Genome-Correcting Ojjgos 



1 Clinical PhenotypeS 
Mutation 


- 

; Correcting Oligos \ 


SEQID 

NO: 


nypercnoiesieroiaernia 

GlulOTerm 

cGAG-TAG 


bUb I I bAbAbALlA/Tl TC/IOC I I 1 1 CCTCTCTCTCAGTGGGC 
GACAGATGCGAAAGAAACGAGTTCCAGTGCCAAGACGGGAA 
ATGCATCTCCTACAAGTGGGTCTGCGATGGCAGCGCTG 


3472 


UAbObOrbCOATCGCAGACCCACTTGTAGGAGATGCATTTCC 

CGTCTTGGCACTGGAACTCGTTTCTTTCGCATCTGTCGCCCA 

CTGAGAGAGAGGAAAAGGAGAAAGGGTCTCTCAACGC 


3473 


A A AAA A A /*v^ a OTTAO A 

AAAbAAAOGAGTTCCAG 


3474 


CTbGAAC I CGTTTCTTT 


3475 


Hypercholesterolaemia 

Gln12Term 

cCAG-TAG 


AGAGACCCI 1 ICICGI 1 1 1 CCtCTCTCTCAGTGGGCGACAGA 

TGCGAAAGAAACGAGTTCCAGTGCCAAGACGGGAAATGCATC 

TCCTACAAGTGGGTCTGCGATGGCAGCGCTGAGTGCC 


3476 


GGCACTCAGCGCTGCCATCGCAGACCCACTTGTAGGAGATG 

CATTTCCCGTCTTGGCACTGGAACTCGTTTCTTTCGCATCTGT 

CGCCCACTGAGAGAGAGGAAAAGGAGAMGGGTCTCT 


3477 


ACGAGTTCCAGTGCCAA 


3478 


TTGGCACTGGAACTCGT 


3479 


Hypercholesterolaemia 

Gln14Term 

cCAA-TAA 


UCI 1 ICICtJl 1 1 ICCTCTCTCTCAGTGGGCGACAGATGCGAA 
AGAAACGAGTTCCAGTGCCAAGACGGGAAATGCATCTCCTAC 
AAGTGGGTCTGCGATGGCAGCGCTGAGTGCCAGGATG 


3480 


CATCCTGGCACTCAGCGCTGCCATCGCAGACCCACTTGTAG 
GAGATGCATTTCCCGTCTTGGCACTGGAACTCGTTTCTTTCG 
CATCTGTCGCCCACTGAGAGAGAGGAAAAGGAGAAAGG 


3481 


TCCAGTGCCAAGACGGG 


3482 


CCCGTCTTGGCACTGGA 


3483 


Hypercholesterolaemia 

Trp23Term 

TGG-TAG 


GCGACAGATGCGAAAGAAACGAGTTCCAGTGCCAAGACGGG 

AAATGCATCTCCTACAAGTGGGTCTGCGATGGCAGCGCTGAG 

TGCCAGGATGGCTCTGATGAGTCCCAGGAGACGTGCTG 


3484 


CAGCACGTCTCCTGGGACTCATCAGAGCCATCCTGGCACTCA 
GCGCTGCCATCGCAGACCCACTTGTAGGAGATGCATTTCCCG 
TCTTGGCACTGGAACTCGTTTCTTTCGCATCTGTCGC 


3485 


CTACAAGTGGGTCTGCG 


3486 


CGCAGACCCACTTGTAG 


3487 


Hypercholesterolaemia 

Ala29Ser 

cGCT-TCT 


aacgagttccagtgccaagacgggaaatgcaTCtcCtacaag 
tgggtctgcgatggcagcgctgagtgccaggatggctctga 
tgagtcccaggagacgtgctgtgagtcccctttgggca 


3488 
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CftnicatPhenoty^&T" , ■ ~% 
I Mutation | Correcting Oiigos .... 


1 SEQ1D 
i NO: 




; TGCCCAAAGGftftAPTP AP Afir a nnTrTnnmnr* a ^taata a 

GAGCCATCCTGGCACTCAGCGCTGCCATCGCAGACCCACTT 
GTAGGAGATGCATTTCCCGTCTTGGCACTGGAACTCGTT 


3489 


ATGGCAGCGCTGAGTGC 
GCACTCAGCGCTGCCAT 


3490 


Hypercholesterolaemia 

Cys31Tyr 

TGC-TAC 


TCP AGTGPP A AH APf^f^ A A ATPP ATPTPPT A r* A AOTnnnTAT ' 

1 uv^tto 1 ouuttrtott^utjijttttA 1 vaUA 1 U 1 L>L» 1 AUAAGTGGGTCT 
GCGATGGCAGCGCTGAGTGCCAGGATGGCTCTGATGAGTCC 
CAGGAGACGTGCTGTGAGTCCCCTTTGGGCATGATATG 


3492 


nATATHATCiPPPA AAriCOOAOT/^AOA/^r* Ar*oT^T/^/^-r^/^/-\ * ^ 
on 1 n 1 un 1 VjOLrLrAttAouoVjAU I UAUAGGACGTCTCCTGGGAC 

TCATCAGAGCCATPPTGftPAPTP LCimnmn n ATnnr* apa^ 
CCACTTGTAGGAGATGCATTTCPPfiTPTTrjriPAPTPPA 


3493 


CGCTGAGTGCCAGGATG 
CATCCTGGCACTCAGCG 


3494 


Hypercholesterolaemia 

Arg57Cys 

cCGT-TGT 


rwu ioiui^i I^IVslAuiolUlul uAL-CTGCAAATCCGGG 
GACTTCAGCTGTGGGGGCCGTGTCAACCGCTGCATTCCTCA 
GTTCTGGAGGTGCGATGGCCAAGTGGACTGCGACAACG 


3495 
3496 


C(t 1 I ftTPnPA(^TPPAPTTPfV^r k ATnr»r* a nn-mr> a/%aa ^>-r^% a ^ ' 

uo 1 1 0 1 uoumvj 1 UUMU 1 1 bboUA 1 obOACCTCCAGAACTGAG 
GAATGCAGCGGTTGACACGGCCCCCACAGCTGAAGTCCCCG 
GATTTGCAGGTGACAGACACTACAGAAGAGACAGGATT 


3497 


GTGGGGGCCGTGTCAAC 


3498 


GTTGACACGGCCCCCAC 


3499 


Hypercholesterolaemia 

Gln64Term 

tCAG-TAG 


1 w 1 va 1 ortuu 1 oumma 1 UObljljtjAL. 1 1 LAbL rCaTGGGGGCCG 
TGTCAACCGCTGCATTCCTCAGTTCTGGAGGTGCGATGGCCA 
AGTGGACTGCGACAACGGCTCAGACGAGCAAGGCTGTC 


3500 


unurtoooi 1 00 1 ova 1 u 1 oAuUoo 1 1 G I LGUAGTCCACTTGGC 

CATCGCACCTCCAGAACTGAGGAATGCAGCGGTTGACACGG 

CCCCCACAGCTGAAGTCCCCGGATTTGCAGGTGACAGA 


3501 


GCATTCCTCAGTTCTGG 
CCAGAACTGAGGAATGC 


3502 


Hypercholesterolaemia 

Trp66Gly 

cTGG-GGG 


ACCTGPAAATPPfififtfSAf * l F rArirTPTpnrpo^T^TTrr; — 
1 vjonm 1 uuovjooMO 1 1 L»/\oO 1 0 1 GoGGGQ/CGTGTCAA 

CCGCTGCATTCCTCAGTTCTGGAGGTGCGATGGCCAAGTGG 
ACTGCGACAACGGCTCAGACGAGCAAGGCTGTCGTAAGT 


sJUUO 

3504 


AC 1 1 ACGACAGPPTTPPTPnTPTfi APPrprrPTppp a ptoo a 
r\\j 1 1 nuyjAOAOVjO 1 1 1 \s 0 1 Lr I oAoUUvj 1 1 0 1 LGUAGTCCA 

CTTGGCCATCGCACCTCCAGAACTGAGGAATGCAGCGGTTG 
ACACGGCCCCCACAGCTGAAGTCCCCGGATTTGCAGGT 


3505 


CTCAGTTCTGGAGGTGC 
GCACCTCCAGAACTGAG 


3506 


Hypercholesterolaemia 

Trp66Term 

TGG-TAG 


CCTGCAAATCCGGGGACTTCAGCTGTGGGGGCCGTGTCAAC 
CGCTGCATTCCTCAGTTCTGGAGGTGCGATGGCCAAGTGGA 
CTGCGACAACGGCTCAGACGAGCAAGGCTGTCGTAAGTG 


3507 
3508 




CACTTACGACAGCCTTGCTCGTCTGAGCCGTTGTCGCAGTCC 
ACTTGGCCATCGCACCTCCAGAACTGAGGAATGCAGCGGTTG 
ACACGGCCCCCACAGCTGAAGTCCCCGGATTTGCAGG 


3509 




TCAGTTCTGGAGGTGCG 


3510 



WO 01/73002 



-237- 



PCT/US01/09761 



Clinical Phehotype & 
' . Mutation r t 


' - - Correcting Giigos ' , , ■ 


SEQID 

N0: ; 




CGCACCTCCAGAACTGA 


3511 


Hypercholesterolaemia 

Cys68Arg 

gTGC-CGC 


AAATCCGGGGACTTCAGCTGTGGGGGCCGTGTCAACCGCTG 

CATTCCTCAGTTCTGGAGGTGCGATGGCCAAGTGGACTGCGA 

CAACGGCTCAGACGAGCAAGGCTGTCGTAAGTGTGGCC 


3512 


GGCCACACTTACGACAGCCTTGCTCGTCTGAGCCGTTGTCGC 

AGTCCACTTGGCCATCGCACCTCCAGAACTGAGGAATGCAG 

CGGTTGACACGGCCCCCACAGCTGAAGTCCCCGGATTT 


3513 


TCTGGAGGTGCGATGGC 


3514 


GCCATCGCACCTCCAGA 


3515 


Hypercholesterolaemia 

Cys68Trp 

TGCg-TGG 


ATCCGGGGACTTCAGCTGtGGGGGCCGTGTCAACCGCTGCA 
TTCCTCAGTTCTGGAGGTGCGATGGCCAAGTGGACTGCGACA 
ACGGCTCAGACGAGCAAGGCTGTCGTAAGTGTGGCCCT 




AGGGCCACACTTACGACAGCCTTGCTCGTCTGAGCCGTTGTC 
GCAGTCCACTTGGCCATCGCACCTCCAGAACTGAGGAATGCA 
GCGGTTGACACGGCCCCCACAGCTGAAGTCCCCGGAT 


3517 


TGGAGGTGCGATGGCCA 


3518 


TGGCCATCGCACCTCCA 


3519 


Hypercholesterolaemia 

Cys68Tyr 

TGC-TAC 


AATCCGGGGACTTCAGCTGTGGGGGCCGTGTCAACCGCTGC 
ATTCCTCAGTTCTGGAGGTGCGATGGCCAAGTGGACTGCGAC 
AACGGCTCAGACGAGCAAGGCTGTCGTAAGTGTGGCCC 


3520 


GGGCCACACTTACGACAGCCTTGCTCGTCTGAGCCGTTGTC 

GCAGTCCACTTGGCCATCGCACCTCCAGAACTGAGGAATGCA 

GCGGTTGACACGGCCCCCACAGCTGAAGTCCCCGGATT 


3521 


CTGGAGGTGCGATGGCC 


3522 


GGCCATCGCACCTCCAG 


3523 


Hypercholesterolaemia 

Asp69Asn 

cGAT-AAT 


TCCGGGGACTTCAGCTGTGGGGGCCGTGTCAACCGCTGCAT 
TCCTCAGTTCTGGAGGTGCGATGGCCAAGTGGACTGCGACA 
ACGGCTCAGACGAGCAAGGCTGTCGTAAGTGTGGCCCTG 


3524 


CAGGGCCACACTTACGACAGCCTTGCTCGTCTGAGCCGTTGT 

CGCAGTCCACTTGGCCATfiGCACCTCCAGAACTGAGGAATG 

CAGCGGTTGACACGGCCCCCACAGCTGAAGTCCCCGGA 


3525 


GGAGGTGCGATGGCCAA 


3526 


TTGGCCATC.GCACCTCC 


3527 


Hypercholesterolaemia 

Asp69Gly 

GAT-GGT 


CCGGGGACTTCAGCTGTGGGGGCCGTGTCAACCGCTGCATT 
CCTCAGTTCTGGAGGTGCGATGGCCAAGTGGACTGCGACAA 
CGGCTCAGACGAGCAAGGCTGTCGTAAGTGTGGCCCTGC 




GCAGGGCCACACTTACGACAGCCTTGCTCGTCTGAGCCGTT 

GTCGCAGTCCACTTGGCCATCGCACCTCCAGAACTGAGGAAT 

GCAGCGGTTGACACGGCCCCCACAGCTGAAGTCCCCGG 


3529 


GAGGTGCGATGGCCAAG 


3530 


CTTGGCCATCGCACCTC " J 


3531 


Hypercholesterolaemia 

Asp69Tyr 

cGAT-TAT 


TCCGGGGACTTCAGCTGTGGGGGCCGTGTCAACCGCTGCAT 
TCCTCAGTTCTGGAGGTGCGATGGCCAAGTGGACTGCGACA 
ACGGCTCAGACGAGCAAGGCTGTCGTAAGTGTGGCCCTG 


3532 



WO 01/73002 PCT/US01/09761 



-238- 


Clnical PhenotypeS 


f . ; Correcting Oligos \; 


Ymcm 

iliiiill 




CAGGGCCACACTTACGACAGCCnGCTCGTCTGAGCCGTTGT 

CGCAGTCCACTTGGCCATCGCACCTCCAGAACTGAGGAATG 

CAGCGGTTGACACGGCCCCCACAGCTGAAGTCCCCGGA 


" 3533 


GGAGGTGCGATGGCCAA 
TTGGCCATCGCACCTCC 


3534 


Hypercholesterolaemia 

Gln71Glu 

cCM-GAA 


GACTTCAGCTG ! GGGGGCCGTG 1 CMCCGCTGCATTCCTCA 
GTTCTGGAGGTGCGATGGCCMGTGGACTGCGACAACGGCT 
CAGACGAGCAAGGCTGTCGTAAGTGTGGCCCTGCCTTTG 


3535 
3536 


CAAAGGCAGGGCCACAC7TACGACAGCCTTGCTCGTCTGAG" 
CCGTTGTCGCAGTCCACTTGGCCATCGCACCTCCAGAACTGA 
GGMTGCAGCGGTTGACACGGCCCCCACAGCTGAAGTC 


3537 


GCGATGGCCAAGTGGAC 
JjmuOAOI IbbLUATCGC 


3538 
3539 


Hypercholesterolaemia 

Cys74Gly 

cTGC-GGC 


1 G 1 UGGGGCCG 1 G rCMCCGCTGCA rTCCTCAGTTCTG^AG 

GTGCGATGGCCAAGTGGACTGCGACAACGGCTCAGACGAGC 

AAGGCTGTCGTAAGTGTGGCCCTGCCTTTGCTATTGAGC 


3540 


GCTCAATAGCAAAGGCAGGGCCACACTTACGACAGCCTTGCT 

CGTCTGAGCCGTTGTCGCAGTCCACTTGGCCATCGCACCTC 

CAGAACTGAGGAATGCAGCGGTTGACACGGCCCCCACA 


3541 


AAGTGGACTGCGACAAC 
GTTGTCGCAGTCCAPTT 


3542 


Hypercholesterolaemia 

Ser78Term 

TCA-TGA 


TCAACCGCTGCATTCCTCAGTTCTGGAGGTGCGATGGCCAAG 

TGGACTGCGACAACGGCTCAGACGAGCAAGGCTGTCGTAAG 

TGTGGCCCTGCCTTTGCTATTGAGCCTATCTGAGTCCT 


3543 
3544 


AGGACTCAGATAGGCTCAATAGCAAAGGCAGGGCCACACTTA 
CGACAGCCTTGCTCGTCTGAGCCGTTGTCGCAGTCCACTTGG 
CCATCGCACCTCCAGAACTGAGGAATGCAGCGGTTGA 


3545 


CAACGGCTCAGACGAGC 
GCTCGTCTGAGCCGTTG 


3546 
3547 


Hypercholesterolaemia 

Glu80Lys 

cGAG-AAG 


UGU fGCATTCCl GAG ITCTGGAGG 1 GCGATGGCCMGTGGA 
CTGCGACAACGGCTCAGACGAGCAAGGCTGTCGTAAGTGTG 
GCCCTGCCTTTGCTATTGAGCCTATCTGAGTCCTGGGGA 


3548 


TCCCCAGGACTCAGATAGGCTCMTAGCAAAGGCAGGGCCA 

CACTTACGACAGCCTTGCTCGTCTGAGCCGTTGTCGCAGTCC 

ACTTGGCCATCGCACCTCCAGAACTGAGGAATGCAGCG 


3549 


GCTCAGACGAGCMGGC 
GCC7TGCTCGTCTGAGC 


3550 
3551 


Hypercholesterolaemia 

Glu80Term 

cGAG-TAG 


UGCTGCATTCCI CAGTTCTGGAGG 1 GCGATGGCCMGTGGA - ' 

CTGCGACAACGGCTCAGACGAGCAAGGCTGTCGTAAGTGTG 

GCCCTGCCTTTGCTATTGAGCCTATCTGAGTCCTGGGGA 


3552 




TCCCCAGGACTCAGATAGGCTCAATAGCAAAGGCAGGGCCA 
CACTTACGACAGCCTTGCTCGTCTGAGCCGTTGTCGCAGTCC 
ACTTGGCCATCGCACCTCCAGAACTGAGGAATGCAGCG 
GCTCAGACGAGCMGGC 


3553 
3554 



WO 01/73002 



-239- 
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Clinical Phenotype& 
i 1 . Mutation • • 


, ' Correcting Qligos > - ' 


SEQID 

NO: 




GCCTTGCTCGTCTGAGC 


3555 


Hypercholesterolaemia 

Gln81Term 

gCAA-TAA 


TGCATTCCTCAGTTCTGGAGGTGCGATGGCCAAGTGGACTGC 

GACAACGGCTCAGACGAGCAAGGCTGTCGTAAGTGTGGCCC 

TGCCTTTGCTATTGAGCCTATCTGAGTCCTGGGGAGTG 


3556 


CACTCCCCAGGACTCAGATAGGCTCAATAGCAAAGGCAGGG 

CCACACTTACGACAGCCTTGCTCGTCTGAGCCGTTGTCGCAG 

TCCACTTGGCCATCGCACCTCCAGAACTGAGGAATGCA 


3557 


CAGACGAGCAAGGCTGT 


3558 


ACAGCCTTGCTCGTCTG 


3559 


Hypercholesterolaemia 

Cys88Arg 

gTGC-CGC 


TGGGAGACTTCACACGGTGAtGGTGGTCTCGGCCCATCCAT 
CCCTGCAGCCCCCAAGACGTGCTCCCAGGACGAGTTTCGCT 
GCCACGATGGGAAGTGCATCTCTCGGCAGTTCGTCTGTG 


3560 


CACAGACGAACTGCCGAGAGATGCACTTCCCATCGTGGCAG 

CGAAACTCGTCCTGGGAGCACGTCTTGGGGGCTGCAGGGAT 

GGATGGGCCGAGACCACCATCACCGTGTGAAGTCTCCCA 


3561 


CCAAGACGTGCTCCCAG 


3562 


CTGGGAGCACGTCTTGG 


3563 


Hypercholesterolaemia 

Glu92Term 

cGAG-TAG 


CACGGTGATGGTGGTCTCGGCCCAtCCATCCCTGCAGCCCC 
CAAGACGTGCTCCCAGGACGAGTTTCGCTGCCACGATGGGA 
AGTGCATCTCTCGGCAGTTCGTCTGTGACTCAGACCGGG 


3564 


CCCGGTCTGAGTCACAGACGAACTGCCGAGAGATGCACTTC 
CCATCGTGGCAGCGAAACTCGTCCTGGGAGCACGTCTTGGG 
GGCTGCAGGGATGGATGGGCCGAGACCACCATCACCGTG 


3565 


CCCAGGACGAGTTTCGC 


3566 


GCGAAACTCGTCCTGGG 


3567 


Hypercholesterolaemia 

Cys95Arg 

cTGC-CGC 


GGTGGTCTCGGCCCATCCATCCCTGCAGCCCCCAAGACGTG 
CTCCCAGGACGAGTTTCGCTGCCACGATGGGAAGTGCATCT 
CTCGGCAGTTCGTCTGTGACTCAGACCGGGACTGCTTGG 


3568 


CCAAGCAGTCCCGGTCTGAGTCACAGACGAACTGCCGAGAG 
ATGCACTTCCCATCGTGGCAGCGAAACTCGTCCTGGGAGCA 
CGTCTTGGGGGCTGCAGGGATGGATGGGCCGAGACCACC 


3569 


AGTTTCGCIGCCACGAT 


3570 


ATCGTGGCAGCGAAACT 


3571 


Hypercholesterolaemia 

Asp97Tyr 

cGAT-TAT 


CrCGGCCCATCCATCCCTGCAGCCCCCAAGACGTGCTCCCA 
GGACGAGTTTCGCTGCCACGATGGGAAGTGCATCTCTCGGC 
AGTTCGTCTGTGACTCAGACCGGGACTGCTTGGACGGCT 


3572 


AGCCGTCCAAGCAGTCCCGGTCTGAGTCACAGACGAACTGC 
CGAGAGATGCACTTCCCATCGTGGCAGCGAAACTCGTCCTG 
GGAGCACGTCTTGGGGGCTGCAGGGATGGATGGGCCGAG 


3573 


GCTGCCACGATGGGAAG 


3574 I 


CTTCCCATCGTGGCAGC 


3575 


Hypercholesterolaemia 

Trp(-12)Arg 

cTGG-AGG 


GGGTCGGGACAC I GCCTGGCAGAGGCTGCGAGCATGGGGC 
CCTGGGGCTGGAAATTGCGCIGGACCGTCGCCTTGCTCCTC 
GCCGCGGCGGGGACTGCAGGTAAGGCTTGCTCCAGGCGCC 


3576 



WO 01/73002 
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Clinical Phenotype & 
Mutation 


j Correcting Oligos 


; seqid: 

NO; 




GGCGCCTGGAGCAAGCCTTACCTGCAGTCCCCGCCGCGGC 

GAGGAGCMGGCGACGGTCCAGCGCAATTTCCAGCCCCAGG 

GCCCCATGCTCGCAGCCTCTGCCAGGCAGTGTCCCGACCC 


3577 


AATTGCGCTGGACCGTC 
GACGGTCCAGCGCAATT 


3578 


nypercnoiesieroiaemia 

Trp(-18)Term 

TGGg-TGA 


CAGCAGGTCGTGATCCGGGTCGGGACACTGCCTGGCAGAGG 
CTGCGAGCATGGGGCCCTGGGGCTGGAAATTGCGCTGGACC 
GTCGCCTTGCTCCTCGCCGCGGCGGGGACTGCAGGTAAG 


3579 
3580 


CTTACCTGCAGTCCCCGCCGCGGCGAGGAGCAAGGCGACG 
GTCCAGCGCMTTTCCAGCCCCAGGGCCCCATGCTCGCAGC 
CTCTGCCAGGCAGTGTCCCGACCCGGATCACGACCTGCTG 


3581 


GGGCCCTGGGGCTGGAA 


3582 


TTCCAGCCCCAGGGCCC 


3583 


nypercnoiesieroiaemia 

Met(-21)Leu 

cATG-TTG 


UAGCTAGGACACAGCAGGTCGTGATCCGGGTCGGGACACTG" 

CCTGGCAGAGGCTGCGAGCATGGGGCCCTGGGGCTGGAAA 

TTGCGCTGGACCGTCGCCTTGCTCCTCGCCGCGGCGGGGA 


3584 


TCCCCGCCGCGGCGAGGAGCAAGGCGACGGTCCAGCGCAA 
TTTCCAGCCCCAGGGCCCCATGCTCGCAGCCTCTGCCAGGC 
AGTGTCCCGACCCGGATCACGACCTGCTGTGTCCTAGCTG 


3585 


CTGCGAGCATGGGGCCC 


3586 


GGGCCCCATGCTCGCAG 




Hypercholesterolaemia 

Met(-21)Val 

cATG-GTG 


UACjCTAGGACACAGCAGGTCGTGATCCGGGTCGGGACACTG" 

CCTGGCAGAGGCTGCGAGCATGGGGCCCtGGGGCTGGAAA 

TTGCGCTGGACCGTCGCCTTGCTCCTCGCCGCGGCGGGGA 




TCCCCGCCGCGGCGAGGAGCAAGGCGACGGTCCAGCGCAA 
TTTCCAGCCCCAGGGCCCCATGCTCGCAGCCTCTGCCAGGC 
AGTGTCCCGACCCGGATCACGACCTGCTGTGTCCTAGCTG 


3589 


CTGCGAGCATGGGGCCC " 
GGGCCCCATGCTCGCAG 


3590 


Hypercholesterolaemia 

le101Phe 

cATC-TTC 


ATCCCTGCAGCCCCCAAGACGTGCTCCCAGGACGAGTTTCG 

CTGCCACGATGGGAAGTGCATCTCTCGGCAGTTCGTCTGTGA 

CTCAGACCGGGACTGCTTGGACGGCTCAGACGAGGCCT 


3591 
3592 


AbUUCTCGTCTGAGCCGTCCAAGCAGTCCCGGTCTGAGTCA 
CAGACGMCTGCCGAGAGATGCACTTCCCATCGTGGCAGCG 
AAACTCGTCCTGGGAGCACGTCTTGGGGGCTGCAGGGAT 


3593 




GGAAGTGCATCTCTCGG 


3594 


Hypercnoiesterolaemia 
GlnKWTerm 

gCAG-TAG I 


GCCCCCAAGACG 1 GCTCCCAGGACGAG 1 1 1 CGCTGCCACGA " 

TGGGAAGTGCATCTCTCGGCAGTTCGTCTGTGACTCAGACCG 
GGACTGCTTGGACGGCTCAGACGAGGCCTCCTGCCCGG 


3595 
3596 




CCGGGCAGGAGGCCTCGTCTGAGCCGTCCMGCAGTCCCG 
GTCTGAGTCACAGACGAACTGCCGAGAGATGCACTTCCCATC 
GTGGCAGCGAAACTCGTCCTGGGAGCACGTCTTGGGGGC 
TCTCTCGGCAGTTCGTC 


3597 
3598 



WO 01/73002 
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SEQID 

NO: 




GACGAACTGCCGAGAGA 


3599 


Hypercholesterolaemia 

Cys113Arg 

cTGC-CGC 


1 1 1 UUUTGCCACGATGGGAAGTGCATCTCtCGGCAGTTCGTC 
TGTGACTCAGACCGGGACTGCTTGGACGGCTCAGACGAGGC 
CTCCTGCCCGGTGCTCACCTGTGGTCCCGCCAGCTTCC 


36Q0 


GGAAGCTGGCGGGACCACAGGTGAGCACCGGGCAGGAGGC 
CTCGTCTGAGCCGTCCAAGCAGTCCCGGTCTGAGTCACAGA 
CGAACTGCCGAGAGATGCACTTCCCATCGTGGCAGCGAAA 


3601 


ACCGGGACTGCTTGGAC 


3602 


GTCCAAGCAGTCCCGGT 


3603 


Hypercholesterolaemia 

Glu119Lys 

cGAG-AAG 


AAGTGCATCTCTCGGCAGTTCGTCTGTGACTCAGACCGGGAC 
TGCTTGGACGGCTCAGACGAGGCCTCCTGCCCGGTGCTCAC 
CTGTGGTCCCGCCAGCTTCCAGTGCAACAGCTCCACCT 


3604 


AGGTGGAGCTGTTGCACTGGAAGCTGGCGGGACCACAGGTG 
AGCACCGGGCAGGAGGCCTCGTCTGAGCCGTCCAAGCAGTC 
CCGGTCTGAGTCACAGACGAACTGCCGAGAGATGCACTT 


3605 


GCTCAGACGAGGCCTCC 


3606 


GGAGGCCTCGTCTGAGC 


3607 


Hypercholesterolaemia 

Glu119Term 

cGAG-TAG 


AAGTGCATCTCTCGGCAGTTCGTCTGTGACTCAGACCGGGAC 
TGCTTGGACGGCTCAGACGAGGCCTCCTGCCCGGTGCTCAC 
CTGTGGTCCCGCCAGCTTCCAGTGCAACAGCTCCACCT 


3608 


AGGTGGAGCTGTTGCACTGGAAGCTGGCGGGACCACAGGTG 
AGCACCGGGCAGGAGGCCTCGTCTGAGCCGTCCAAGCAGTC 
CCGGTCTGAGTCACAGACGAACTGCCGAGAGATGCACTT 


3609 


GCTCAGACGAGGCCTCC 


3610 


GGAGGCCTCGTCTGAGC 


3611 


Hypercholesterolaemia 

Cys122Term 

TGCc-TGA 


TCGGCAGTTCGTCTGTGACTCAGACCGGGACTGCTTGGACG 
GCTCAGACGAGGCCTCCTGCCCGGTGCTCACCTGTGGTCCC 
GCCAGCTTCCAGTGCAACAGCTCCACCTGCATCCCCCAG 


3612 I 


CTGGGGGATGCAGGTGGAGCTGTTGCACTGGAAGCTGGCGG 

GACCACAGGTGAGCACCGGGCAGGAGGCCTCGTCTGAGCC 

GTCCAAGCAGTCCCGGTCTGAGTCACAGACGAACTGCCGA 


3613 


GCCTCCTGCCCGGTGCT 


3614 


AGCACCGGGCAGGAGGC 


3615 


Hypercholesterolaemia 

Cys127Trp 

TGTg-TGG 


TGACTCAGACCGGGACTGCTTGGACGGCTCAGACGAGGCCT 
CCTGCCCGGTGCTCACCTGTGGTCCCGCCAGCTTCCAGTGC 
AACAGCTCCACCTGCATCCCCCAGCTGTGGGCCTGCGAC 


3616 


GTCGCAGGCCCACAGCTGGGGGATGCAGGTGGAGCTGTTGC 

ACTGGAAGCTGGCGGGACCACAGGTGAGCACCGGGCAGGA 

GGCCTCGTCTGAGCCGTCCAAGCAGTCCCGGTCTGAGTCA 


3617 


CTCACCTGTGGTCCCGC 


3618 


GCGGGACCACAGGTGAG 


3619 


Hypercholesterolaemia 

Gln133Term 

cCAG-TAG 


TGCTTGGACGGCTCAGACGAGGCCTCCTGCCCGGTGCTCAC 
CTGTGGTCCCGCCAGCTTCCAGTGCAACAGCTCCACCTGCAT 
CCCCCAGCTGTGGGCCTGCGACAACGACCCCGACTGCG 


3620 



WO 01/73002 
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Correcting Oligos. 


SEQID 

• 

NO: 




o^wuj i u^bUU rU31 rGTCGCAGGCCCACAGCTGGGGGAT 

GCAGGTGGAGCTGTTGCACTGGAAGCTGGCGGGACCACAGG 

TGAGCACCGGGCAGGAGGCCTCGTCTGAGCGGTCCAAGCA 


3621 


L»uAuO 1 1 UCAGTGCAAC 
GTTGCACTGGAAGCTGG 


3622 


Hypercholesterolaemia 

Cys134Gly 

gTGC-GGC 


1 1 (SGACGGCTCAGACGAGGCCl CC 1 GCCCGGTGCTCACCTG 

TGGTCCCGCCAGCTTCCAGIGCAACAGCTCCACCTGCATCC 

CCCAGCTGTGGGCCTGCGACAACGACCCCGACTGCGAAG 


3624 | 


L 1 1 CbtAG 1 uuiibli 1 UGTTGTCGCAGGCCCACAGCTGGGGG 
ATGCAGGTGGAGCTGTTGCACTGGAAGCTGGCGGGACCACA 
GGTGAGCACCGGGCAGGAGGCCTCGTCTGAGCCGTCCAA 


3625 


1 1 UUAUIGUAAUAGC 
vju 1 \j 1 rbOACTGGAAGC 


3626 


nypercnoiesieroiasrnia 

Cys139Gly 

cTGC-GGC 


bAuuu; 1 UG rGCCCGGTGCTCACCTGTGGTCCCGCCAGCTT 
CCAGTGCAACAGCTCCACCTGCATCCCCCAGCTGTGGGCCT 
GCGACAACGACCCCGACTGCGAAGATGGCTCGGATGAGT 


3627 
3628 


ACTCATCCGAGCCATCTTCGCAGTCGGGGTCGTTGTCGCAG 

GCCCACAGCTGGGGGATGCAGGTGGAGCTGTTGCACTGGAA 

GCTGGCGGGACCACAGGTGAGCACCGGGCAGGAGGCCTC 


3629 


bo 1 uLACCTGCATCCCC 


3630 


^^i(JAI UUAGGTGGAGC 


3631 
3632 "" 


nypercnoiesteroiaerriia 

Cys139Tyr 

TGC-TAC 


AiAiUU 1 UU 1 GGCCGGTGCTUACCTGTGGTCCCGCCAGCTTC 
CAGTGCAACAGCTCCACCTGCATCCCCCAGCTGTGGGCCTG 
CGACAACGACCCCGACTGCGAAGATGGCTCGGATGAGTG 


LAL 1 OA 1 CuiAiiUUA 1 (J rTCGCAGTCGGGGTCGTTGTCGCA 

GGCCCACAGCTGGGGGATGCAGGTGGAGCTGTTGCACTGGA 

AGCTGGCGGGACCACAGGTGAGCACCGGGCAGGAGGCCT 


3633 


0 1 CGAGU 1 Wj A I OOCCC 


3634 


GGGGGATGCAGGTGGAG 


3635 


Hypercholesterolaemia 

Cys146Term 

TGCg-TGA 


U 1 (J 1 GGTCCCGCCAGCTTCCAGl GCAACAGCTCCACCTGCAT 

CCCCCAGCTGTGGGCCTGCGACAACGACCCCGACTGCGAAG 

ATGGCTCGGATGAGTGGCCGCAGCGCTGTAGGGGTCTT 


3636 


/vwjaul-uu l AUAUUiUTGCGGCCACTCATCCGAGCCATCTTC 

GCAGTCGGGGTCGTTGTCGCAGGCCCACAGCTGGGGGATG 

CAGGTGGAGCTGTTGCACTGGAAGCTGGCGGGACCACAG 


3637 


bobLU 1 GCGACAACGA 
" "CGTTGTCGCAttnrrr A 


3638 


Hypercholesterolaemia 

Asp147Asn 

cGAC-AAC 


TGTGGTCCCGCCAGCTTCCAGTGCAACAGCTCCACCTGCATC 
CCCCAGCTGTGGGCCTGCGACAACGACCCCGACTGCGAAGA 
TGGCTCGGATGAGTGGCCGCAGCGCTGTAGGGGTCTTT 


3639 
3640 




AAAGACCCCTACAGCGCTGCGGCCACTCATCCGAGCCATCTT ' 

CGCAGTCGGGGTCGTTGTCGCAGGCCCACAGCTGGGGGAT 

GCAGGTGGAGCTGTTGCACTGGAAGCTGGCGGGACCACA 


3641 




GGGCCTGCGACAACGAC 


3642 
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SEQID 
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GTCGTTGTCGCAGGCCC 


3643 


Hypercholesterolaemia 

Asp147His 

cGAC-CAC 


TGTGGTCCCGCCAGCTTCCAGTGCAACAGCTCCACCTGCATC 
CCCCAGCTGTGGGCCTGCGACAACGACCCCGACTGCGAAGA 
TGGCTCGGATGAGTGGCCGCAGCGCTGTAGGGGTCTTT 


3644 


AAAGACCCCTACAGCGCTGCGGCCACTCATCCGAGCCATCTT 

CGCAGTCGGGGTCGTTGTCGCAGGCCCACAGCTGGGGGAT 

GCAGGTGGAGCTGTTGCACTGGAAGCTGGCGGGACCACA 


3645 


GGGCCTGCGACAACGAC 


3646 


GTCGTTGTCGCAGGCCC 


3647 


Hypercholesterolaemia 

Asp147Tyr 

cGAC-TAC 


TGTGGTCCCGCCAGCTTCCAGTGCAACAGCTCCACCTGCATC 
CCCCAGCTGTGGGCCTGCGACAACGACCCCGACTGCGAAGA 
TGGCTCGGATGAGTGGCCGCAGCGCTGTAGGGGTCTTT 


3648 


AMGACCCCTACAGCGCTGCGGCCACTCATCCGAGCCATCTT 

CGCAGTCGGGGTCGTTGTCGCAGGCCCACAGCTGGGGGAT 

GCAGGTGGAGCTGTTGCACTGGAAGCTGGCGGGACCACA 


3649 


GGGCCTGCGACAACGAC 


3650 


GTCGTTGTCGCAGGCCC 


3651 


Hypercholesterolaemia 

Cys152Arg 

cTGC-CGC 


TTCCAGTGCAACAGCTCCACCTGCATCCCCCAGCTGTGGGC 
CTGCGACAACGACCCCGACTGCGAAGATGGCTCGGATGAGT 
GGCCGCAGCGCTGTAGGGGTCTTTACGTGTTCCAAGGGG 


3652 


CCCCTTGGAACACGTAAAGACCCCTACAGCGCTGCGGCCAC 
TCATCCGAGCCATCTTCGCAGTCGGGGTCGTTGTCGCAGGC 
CCACAGCTGGGGGATGCAGGTGGAGCTGTTGCACTGGAA 


3653 


ACCCCGACTGCGAAGAT 


3654 


ATCTTCGCAGTCGGGGT 


3655 


Hypercholesterolaemia 

Cys152Gly 

cTGC-GGC 


TTCCAGTGCAACAGCTCCACCTGCATCCCCCAGCTGTGGGC 
CTGCGACAACGACCCCGACTGCGAAGATGGCTCGGATGAGT 
GGCCGCAGCGCTGTAGGGGTCTTTACGTGTTCCAAGGGG 


3656 


CCCCTTGGAACACGTAAAGACCCCTACAGCGCTGCGGCCAC 
TCATCCGAGCCATCTTCGCAGTCGGGGTCGTTGTCGCAGGC 
CCACAGCTGGGGGATGCAGGTGGAGCTGTTGCACTGGAA 


3657 


ACCCCGACTGCGAAGAT 


3658 


ATCTTCGCAGTCGGGGT 


3659 


Hypercholesterolaemia 

Cys152Trp 

TGCg-TGG 


CCAGTGCAACAGCTCCACCTGCATCCCCCAGCTGTGGGCCT 
GCGACAACGACCCCGACTGCGAAGATGGCTCGGATGAGTGG 
CCGCAGCGCTGTAGGGGTCTTTACGTGTTCCAAGGGGAC 


3660 


GTCCCCTTGGAACACGTAAAGACCCCTACAGCGCTGCGGCC 
ACTCATCCGAGCCATCTTCGCAGTCGGGGTCGTTGTCGCAG 
GCCCACAGCTGGGGGATGCAGGTGGAGCTGTTGCACTGG 


3661 


CCCGACTGCGAAGATGG 


3662 


CCATCTTCGCAGTCGGG 


3663 


Hypercholesterolaemia 

Asp154Asn 

aGAT-AAT 


TGCAACAGCTCCACCTGCATCCCCCAGCTGTGGGCCTGCGA 
CAACGACCCCGACTGCGAAGATGGCTCGGATGAGTGGCCGC 
AGCGCTGTAGGGGTCTTTACGTGTTCCAAGGGGACAGTA 


3664 
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CBnica1Phenotype& 


y< : . cc^om* r 


SEQ1D 
NO: 




TACTGTCCCCTTGGAACACGTAAAGACCCCTACAGCGCTGCG 

GCCACTCATCCGAGCCATCTTCGCAGTCGGGGTCGTTGTCG 

CAGGCCCACAGCTGGGGGATGCAGGTGGAGCTGTTGCA 


3665 


ACTGCGAAGATGGCTCG 


3666 


CGAGCCATCTTCGCAGT 


3667 


Hypercholesterolaemia 

Ser156Leu 

TCG-TTG 


GCTCCACCTGUATCCCCCAGCTGTGGGCCTGCGACAACGAC" 
CCCGACTGCGAAGATGGCTCGGATGAGTGGCCGCAGCGCTG 
TAGGGGTCTTTACGTGTTCCAAGGGGACAGTAGCCCCTG 


3668 


CAGGGGCTACTGTCCCCTTGGAACACGTAAAGACCCCTACAG 

CGCTGCGGCCACTCATCCGAGCCATCTTCGCAGTCGGGGTC 

GTTGTCGCAGGCCCACAGCTGGGGGATGCAGGTGGAGC 


3669 


AGATGGCTCGGATGAGT 


3670 


ACTCATCCGAGCCATCT 


3671 


Hypercholesterolaemia 

Cys163Tyr 

TGT-TAT 


1 U 1 GGGCCTGCGACAACGACCCCGAC I'GCGAAGATGGCTCG 
GATGAGTGGCCGCAGCGCTGTAGGGGTCTTTACGTGTTCCAA 
GGGGACAGTAGCCCCTGCTCGGCCTTCGAGTTCCACTG 


3672 


CAGTGGMCTCGAAGGCCGAGCAGGGGCTACTGTCCCCTTG 
GAACACGTAAAGACCCCTACAGCGCTGCGGCCACTCATCCG 
AGCCATCTTCGCAGTCGGGGTCGTTGTCGCAGGCCCACA 


3673 


GCAGCGCTGTAGGGGTC 
GACCCCTACAGCGCTGC 


3674 


Hypercholesterolaemia 

Tyr167Term 

TACg-TAG 


CAACGACCCCGACTGCGMGATGGCTCGGATGAGTGGCCGC 

AGCGCTGTAGGGGTCTTTACGTGTTCCAAGGGGACAGTAGC 

CCCTGCTCGGCCTTCGAGTTCCACTGCCTAAGTGGCGAG 


3675 
3676 


CTCGCCACTTAGGCAGTGGAACTCGAAGGCCGAGCAGGGGC 
TACTGTCCCCTTGGMCACGTAAAGACCCCTACAGCGCTGCG 
GCCACTCATCCGAGCCATCTTCGCAGTCGGGGTCGTTG 


3677 


GGTC I HACGTGTTCCA 


3678 


TGGAACACGTAMGACC 


3679 


Hypercholesterolaemia 

Gln170Temi 

cCAA-TAA 


UUCGACTGCGAAGATGGCTCGGATGAGTGGCCGCAGCGCTG" 
TAGGGGTCTTTACGTGTTCCAAGGGGACAGTAGCCCCTGCTC 
GGCCTTCGAGTTCCACTGCCTMGTGGCGAGTGCATCC 


3680 


GGATGCACTCGCCACTTAGGCAGTGGAACTCGAAGGCCGAG 
CAGGGGCTACTGTCCCCTTGGAACACGTAAAGACCCCTACAG 
CGCTGCGGCCACTCATCCGAGCCATCTTCGCAGTCGGG 


3681 


ACGTGTTCCAAGGGGAC 


3682 


GTCCCCTTGGAACACGT 


3683 


Hypercholesterolaemia 

Cys176Phe 

TGC-TTC 


CGGATGAGTGGCCGCAGCGCTGTAGGGGTCTTTACGTGTTC " 

CAAGGGGACAGTAGCCCCTGCTCGGCCTTCGAGTTCCACTG 

CCTAAGTGGCGAGTGCATCCACTCCAGCTGGCGCTGTGA 


3684 




TCACAGCGCCAGCTGGAGTGGATGCACTCGCC/^TTAGGCA 
GTGGAACTCGAAGGCCGAGCAGGGGCTACTGTCCCCTTGGA 
ACACGTAAAGACCCCTACAGCGCTGCGGCCACTCATCCG 
TAGCCCCTGCTCGGCCT 


3685 
3686 
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Cfintcai Phenotype & 
Mutation 


Correcting Oligos A 


SEQID 
NO: 




AGGCCGAGCAGGGGCTA 


3687 


Hypercholesterolaemia 

Cys176Tyr 

TGC-TAC 


CGGATGAGTGGCCGCAGCGCTGTAGGGGTCT7TACGTGTTC 
CAAGGGGACAGTAGCCCCTGCTCGGCCTTCGAGTTCCACTG 
CCTAAGTGGCGAGTGCATCCACTCCAGCTGGCGCTGTGA 


3688 


TCACAGCGCCAGCTGGAGTGGATGCACTCGCCACTTAGGCA 
GTGGAACTCGAAGGCCGAGCAGGGGCTACTGTCCCCTTGGA 
ACACGTAAAGACCCCTACAGCGCTGCGGCCACTCATCCG 


3689 


TAGCCCCTGCTCGGCCT 


3690 


AGGCCGAGCAGGGGCTA 


3691 


Hypercholesterolaemia 

Ser177Leu 

TCG-TTG 


ATGAGTGGCCGCAGCGCTGTAGGGGTC 1 1 IACGIGITCCAAG 

GGGACAGTAGCCCCTGCTCGGCCTTCGAGTTCCACTGCCTA 

AGTGGCGAGTGCATCCACTCCAGCTGGCGCTGTGATGG 


3692 


CCATCACAGCGCCAGCTGGAGTGGATGCACTCGCCACTTAG 
GCAGTGGAACTCGAAGGCCGAGCAGGGGCTACTGTCCCCTT 
GGAACACGTAAAGACCCCTACAGCGCTGCGGCCACTCAT 


3693 


CCCCTGCTCIGGCCTTCG 


3694 


CGAAGGCCGAGCAGGGG 


3695 


Hvoercholesterolaemia 

1 1 IWWI WllWIWWIMIUIUUI 1 IIU 

Glu187Lys 
cGAG-MG 


TACGTGTTCCAAGGGGACAGTAGCCCCTGCTCGGCCTTCGA" 

GTTCCACTGCCTAAGTGGCGAGTGCATCCACTCCAGCTGGC 

GCTGTGATGGTGGCCCCGACTGCAAGGACAAATCTGACG 




CGTCAGATTTGTCCTTGCAGTCGGGGCCACCATCACAGCGC 
CAGCTGGAGTGGATGCACTCGCCACTTAGGCAGTGGAACTC 
GAAGGCCGAGCAGGGGCTACTGTCCCCTTGGAACACGTA 


3697 


TAAGTGGCGAGTGCATC 


3698 


GATGCACTCGCCACTTA 


3699 


Hypercholesterolaemia 

His190Tyr 

cCAC-TAC 


CAAGGGGACAGTAGCCCCTGCTCGGCCTTCGAGTTCCACTG 
CCTAAGTGGCGAGTGCATCCACTCCAGCTGGCGCTGTGATG 
GTGGCCCCGACTGCAAGGACAAATCTGACGAGGAAAACT 


3700 


AGTTTTCCTCGTCAGATTTGTCCTTGCAGTCGGGGCCACCAT 
CACAGCGCCAGCTGGAGTGGATGCACTCGCCACTTAGGCAG 
TGGAACTCGAAGGCCGAGCAGGGGCTACTGTCCCCTTG 


3701 


AGTGCATCCACTCCAGC 


3702 


GCTGGAGTGGATGCACT 


3703 


Hypercholesterolaemia 

Gly198Asp 

GGC-GAC 


CCTTCGAGTTCCACTGCCTAAGTGGCGAGTGCATCCACTCCA 
GCTGGCGCTGTGATGGTGGCCCCGACTGCAAGGACAAATCT 
GACGAGGAAAACTGCGGTATGGGCGGGGCCAGGGTGGG 


3704 


CCCACCCTGGCCCCGCCCATACCGCAGTTTTCCTCGTCAGAT 

TTGTCCTTGCAGTCGGGGCCACCATCACAGCGCCAGCTGGA 

GTGGATGCACTCGCCACTTAGGCAGTGGAACTCGAAGG 


3705 


TGATGGTGGCCCCGACT 


3706 


AGTCGGGGCCACCATCA 


3707 


Hypercholesterolaemia 
Asp200Asn . 
cGAC-AAC 


GAGTTCCACTGCCTAAGTGGCGAGTGCATCCACTCCAGCTG 
GCGCTGTGATGGTGGCCCCGACTGCAAGGACAAATCTGACG 
AGGAAAACTGCGGTATGGGCGGGGCCAGGGTGGGGGCGG 


3708 
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GRnicai Pheribt^eV 
• Mutation ' r: ; 


v ; y , Correcting Oligos 


i SECg£ 
I NO; 




CCGCCCCCACCCTGGCCCCGCCCATACCGCAGTTTTCCTCG 

TCAGATTTGTCCTTGCAGTCGGGGCCACCATCACAGCGCCAG 

CTGGAGTGGATGCACTCGCCACTTAGGCAGTGGAACTC 


3709 


GTGGCCCCGACTGCAAG 


3710 


CTTGCAGTCGGGGCCAC 


3711 


Hypercholesterolaemia 

Asp200Gly 

GAC-GGC 


AGTTCCACTGCCTAAGTGGCGAGTGCATCCACTCCAGCTGGC 

GCTGTGATGGTGGCCCCGACTGCAAGGACAAATCTGACGAG 

GAAAACTGCGGTATGGGCGGGGCCAGGGTGGGGGCGGG 


3712 


CCCGCCCCCACCCTGGCCCCGCCCATACCGCAGTTTTCCTC 

GTCAGATTTGTCCTTGCAGTCGGGGCCACCATCACAGCGCCA 

GCTGGAGTGGATGCACTCGCCACTTAGGCAGTGGAACT 


3713 


TGGCCCCGACTGCAAGG 


3714 


CCTTGCAGTCGGGGCCA 


3715 


Hypercholesterolaemia 

Asp200Tyr 

cGAC-TAC 


GAGTTCCACTGCCTAAGTGGCGAG I GCAI CCACTCCAGCTG 
GCGCTGTGATGGTGGCCCCGACTGCAAGGACAAATCTGACG 
AGGAAAACTGCGGTATGGGCGGGGCCAGGGTGGGGGCGG 


3716 


CCGCCCCCACCCTGGCCCCGCCCATACCGCAGTTTTCCTCG 

TCAGATTTGTCCTTGCAGTCGGGGCCACCATCACAGCGCCAG 

CTGGAGTGGATGCACTCGCCACTTAGGCAGTGGAACTC 


3717 


GTGGCCCCGACTGCAAG 


3718 


CTTGCAGTCGGGGCCAC 


3719 


Hypercholesterolaemia 

Cys201Term 

TGCa-TGA 


CCACTGCCTAAGTGGCGAGTGCATCCACTCCAGCTGGCGCT - 

GTGATGGTGGCCCCGACTGCAAGGACAAATCTGACGAGGAA 

AACTGCGGTATGGGCGGGGCCAGGGTGGGGGCGGGGCGT 


3720 


ACGCCCCGCCCCCACCCTGGCCCCGCCCATACCGCAGTTTT 
CCTCGTCAGATTTGTCCTTGCAGTCGGGGCCACCATCACAGC 
GCCAGCTGGAGTGGATGCACTCGCCACTTAGGCAGTGG 


3721 


CCCGACTGCAAGGACAA 


3722 


TTGTCCTTGCAGTCGGG 


3723 


Hypercholesterolaemia 

Cys201Tyr 

TGC-TAC 


TCCACTGCCTAAGTGGCGAGTGCATCCACTCCAGCTGGCGC 
TGTGATGGTGGCCCCGACTGCAAGGACAAATCTGACGAGGA 
AAACTGCGGTATGGGCGGGGCCAGGGTGGGGGCGGGGCG 


3724 


CGCCCCGCCCCCACCCTGGCCCCGCCCATACCGCAGTTTTC 
CTCGTCAGATTTGTCCTTGCAGTCGGGGCCACCATCACAGCG 
CCAGCTGGAGTGGATGCACTCGCCACTTAGGCAGTGGA 


3725 


CCCCGACTGCAAGGACA 


3726 


TGTCCTTGCAGTCGGGG 


3727 


Hypercholesterolaemia 

Asp203Asn 

gGAC-AAC 


TGCCTAAGTGGCGAGTGCATCCACTCCAGCTGGCGCTGTGA 
TGGTGGCCCCGACTGCAAGGACAAATCTGACGAGGAAAACT 
GCGGTATGGGCGGGGCCAGGGTGGGGGCGGGGCGTCCTA 


3728 


TAGGACGCCCCGCCCCCACCCTGGCCCCGCCCATACCGCA 
GTTTTCCTCGTCAGATTTGTCCTTGCAGTCGGGGCCACCATC 
ACAGCGCCAGCTGGAGTGGATGCACTCGCCACTTAGGCA 
ACTGCAAGGACAAATCT 


3729 
3730 
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Clinical Phenotype & 
; . Mutation 


, , . Correcting Giigos . . 


SECtfD 
NO: 




AGATTTGTCCTTGCAGT 


3731 


Hypercholesterolemia 

Asp203Gly 

GAC-GGC 


GCCTAAGTGGCGAGTGCATCCACTCCAGCTGGCGCTGTGAT 
GGTGGCCCCGACTGCAAGGACAAATCTGACGAGGAAAACTG 
CGGTATGGGCGGGGCCAGGGTGGGGGCGGGGCGTCCTAT 


3732 


ATAGGACGCCCCGCCCCCACCCTGGCCCCGCCCATACCGCA 

GTTTTCCTCGTCAGATTTGICCTTGCAGTCGGGGCCACCATC 

ACAGCGCCAGCTGGAGTGGATGCACTCGCCACTTAGGC 


3733 


CTGCAAGGACAAATCTG 


3734 


CAGATTTGTCCTTGCAG 


3735 


Hypercholesterolaemia 

Asp203Val 

GAC-GTC 


GCCTAAGTGGCGAGTGCATCCACTCCAGCTGGCGCTGTGAT 
GGTGGCCCCGACTGCAAGGACAAATCTGACGAGGAAAACTG 
CGGTATGGGCGGGGCCAGGGTGGGGGCGGGGCGTCCTAT 


3736 


ATAGGACGCCCCGCCCCCACCCTGGCCCCGCCCATACCGCA 

GTTTTCCTCGTCAGATTTGICCTTGCAGTCGGGGCCACCATC 

ACAGCGCCAGCTGGAGTGGATGCACTCGCCACTTAGGC 


3737 


CTGCAAGGACAAATCTG 


3738 


CAGATTTGTCCTTGCAG 


3739 


Hypercholesterolaemia 

Ser205Pro 

aTCT-CCT 


AGTGGCGAGTGCATCCACTCCAGCTGGCGCTGTGATGGTGG" 
CCCCGACTGCAAGGACAAATCTGACGAGGAAAACTGCGGTAT 
GGGCGGGGCCAGGGTGGGGGCGGGGCGTCCTATCACCT 


3740 


AGGTGATAGGACGCCCCGCCCCCACCCTGGCCCCGCCCATA 
CCGCAGI 1 1 1 CCTCGTCAGATTTGTCCTTGCAGTCGGGGCCA 
CCATCACAGCGCCAGCTGGAGTGGATGCACTCGCCACT 


3741 


AGGACAAATCTGACGAG 


3742 


CTCGTCAGATTTGTCCT 


3743 


Hypercholesterolaemia 

Asp206Glu 

GACg-GAG 


CGAGTGCATCCACTCCAGCTGGCGCTGTGATGGTGGCCCCG 

ACTGCAAGGACAAATCTGACGAGGAAAACTGCGGTATGGGC 

GGGGCCAGGGTGGGGGCGGGGCGTCCTATCACCTGTCCC 


3744 


GGGACAGGTGATAGGACGCCCCGCCCCCACCCTGGCCCCG 
CCCATACCGCAGTTTTCCTCGTCAGATTTGTCCTTGCAGTCG 
GGGCCACCATCACAGCGCCAGCTGGAGTGGATGCACTCG 


3745 


AAATCTGACGAGGAAAA 


3746 


TTTTCCTCGTCAGATTT 


3747 


Hypercholesterolaemia 

Glu207Gln 

cGAG-CAG 


GAGTGCATCCACTCCAGCTGGCGCTGTGATGGTGGCCCCGA 
CTGCAAGGACAAATCTGACGAGGAAAACTGCGGTATGGGCG j 
GGGCCAGGGTGGGGGCGGGGCGTCCTATCACCTGTCCCT 


3748 


AGGGACAGGTGATAGGACGCCCCGCCCCCACCCTGGCCCC 
GCCCATACCGCAGTTTTCCTCGTCAGATTTGTCCTTGCAGTC 
GGGGCCACCATCACAGCGCCAGCTGGAGTGGATGCACTC 


3749 


AATCTGACGAGGAAAAC 


3750 


UIIIICCICGICAGAII 


3751 
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Clfnicaf PhenotypeA, 


\ ■. ' - *\ Correcting OHgos ^ ' . v 


SEQID 
MO: 


HvDerchoIesterolaemia 

Glu207Lys 

cGAG-AAG 


CTGCAAGGACAAATCTGACGAGGAAAACTGCGGTATGGGCG 
GGGCCAGGGTGGGGGCGGGGCGTCCTATCACCTGTCCCT 


3752 


AftCZGArAftfiTrZATAfcftAr s fcrHrf s r s r s f*nr s nAnnr*Tnnnr*r>r* 

GCCCATACCGCAGTTTTCCTCGTCAGATTTGTCCTTGCAGTC 
GGGGCCACCATCACAGCGCCAGCTGGAGTGGATGCACTC 


3753 


A ATPTft A A CZG A A A A P 


3754 




3755 


nypercnuicsieroidcrnia 

Glu207Term 

cGAG-TAG 


V3MO I VaOM 1 V^UAU 1 UUAUU 1 (iUUUU 1 Ci 1 GA rC3GTGGCCCCGA 
CTGCAAGGACAAATCTGACGAGGAAAACTGCGGTATGGGCG 
GGGCCAGGGTGGGGGCGGGGCGTCCTATCACCTGTCCCT 


3756 


AftftftAP ACZCZm AT AfVS APflPPPPPPPfW* A PPr^Tor^fv^r* 

GCCCATACCGCAGTTTTCCTCGTCAGATTTGTCCTTGCAGTC 
GGGGCCACCATCACAGCGCCAGCTGGAGTGGATGCACTC 


3757 


AATPTftAPfiAftftAAAAP 


3758 


GTTTTr PTP^TP A H ATT 


3759 


Hypercholesterolaemia 

Glu219Lys 

cGAA-AAA 


TCTTGAGAAMTCAACACACTCTGTCCTGTTTTCCAGCTGTGG 
CCACCTGTCGCCCTGACGAATTCCAGTGCTCTGATGGAAACT 
GCATCCATGGCAGCCGGCAGTGTGACCGGGAATATG 


3760 


CATATTCCCGGTCACACTGCCGGCTGCCATGGATGCAGTTTC 
CATCAGAGCACTGGMTTCGTCAGGGCGACAGGTGGCCACA 
GCTGGAAAACAGGACAGAGTGTGTTGATnTCTCAAGA 


3761 


GCCCTGACGAATTCCAG 


3762 


CTGGAATTCGTCAGGGC 


3763 


Hypercholesterolaemia 

Gln221Term 

cCAG-TAG 


GAAAATCAACACACTCTGTCCIGI 1 1 1 CCAGCTGTGGCCACCT 
GTCGCCCTGACGAATTCCAGTGCTCTGATGGAAACTGCATCC 
ATGGCAGCCGGCAGTGTGACCGGGAATATGACTGCA 


3764 


TGCAGTCATATTCCCGGTCACACTGCCGGCTGCCATGGATGC 
AGTTTCCATCAGAGCACTGGAATTCGTCAGGGCGACAGGTGG 
CCACAGCTGGAAAACAGGACAGAGTGTGTTGATTTTC 


3765 


ACGAATTCCAGTGCTCT 


3766 


AGAGCACTGGMTTCGT 


3767 


Hypercholesterolaemia 

Cys227Phe 

TGC-7TC 


CCIGI 1 1 ICCAGUTGTGGCCACCTGTCGCCCtGACGAATTCC 

AGTGCTCTGATGGAAACTGCATCCATGGCAGCCGGCAGTGT 

GACCGGGAATATGACTGCAAGGACATGAGCGATGAAGT 


3768 " 


ACTTCATCGCTCATGTCCTTGCAGTCATATTCCCGGTCACACT 
GCCGGCTGCCATGGATGCAGTTTCCATCAGAGCACTGGAATT 
CGTCAGGGCGACAGGTGGCCACAGCTGGAAAACAGG 


3769 


TGGAAACTGCATCCATG 


3770 


CATGGATGCAGTTTCCA ~ 


3771 


Hypercholesterolaemia 

Asp235Glu 

GACc-GM 


TCGCCCTGACGAATTCuAGTGCTCTGATGGAAACTGCATCCA 
TGGCAGCCGGCAGTGTGACCGGGAATATGACTGCAAGGACA 
TGAGCGATGAAGTTGGCTGCGTTAATGGTGAGCGCTGG 


3772 
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Cfinical Phenotype & 
, . Mutation 


. , Correcting Qiigos 


- 

SEQID 

NO; 




CCAGCGCTCACCATTAACGCAGCCAACTTCATCGCTCATGTC 
CTTGCAGTCATATTCCCGGTCACACTGCCGGCTGCCATGGAT 
GCAGTTTCCATCAGAGCACTGGAATTCGTCAGGGCGA 


3773 


CAGTGTGACCGGGAATA 


3774 


TATTCCCGGTCACACTG 


3775 


Hypercholesterolemia 

Asp235Gly 

GAC-GGC 


GTCGCCCTGACGAATTCCAGTGCTCTGATGGAAACTGCATCC 
ATGGCAGCCGGCAGTGTGACCGGGAATATGACTGCAAGGAC 
ATGAGCGATGAAGTTGGCTGCGTTAATGGTGAGCGCTG 


3776 


CAGCGCTCACCATTAACGCAGCCAACTTCATCGCTCATGTCC 
TTGCAGTCATATTCCCGGTCACACTGCCGGCTGCCATGGATG 
CAGTTTCCATCAGAGCACTGGAATTCGTCAGGGCGAC 


3777 


GCAGTGTGACCGGGAAT 


3778 


ATTCCCGGTCACACTGC 


3779 


Hypercholesteroiaemia 

Glu237Lys 

gGAA-AAA 


CCTGACGAATTCCAGTGCTCTGATGGAAACTGCATCCATGGC 
AGCCGGCAGTGTGACCGGGAATATGACTGCAAGGACATGAG 
CGATGAAGTTGGCTGCGTTAATGGTGAGCGCTGGCCAT 


3780 


ATGGCCAGCGCTCACCATTAACGCAGCCAACTTCATCGCTCA 
TGTCCTTGCAGTCATATTCCCGGTCACACTGCCGGCTGCCAT 
GGATGCAGTTTCCATCAGAGCACTGGAATTCGTCAGG 


3781 


GTGACCGGGAATATGAC 


3782 


GTCATATTCCCGGTCAC 


3783 


Hypercholesteroiaemia 

Cys240Phe 

TGC-TTC 


TCCAGTGCTCTGATGGAAACTGCATCCATGGCAGCCGGCAGT 
GTGACCGGGAATATGACTGCAAGGACATGAGCGATGAAGTTG 
GCTGCGTTAATGGTGAGCGCTGGCCATCTGGTTTTCC 


3784 


GGAAAACCAGATGGCCAGCGCTCACCATTAACGCAGCCAACT 

TCATCGCTCATGTCCTTGCAGTCATATTCCCGGTCACACTGC 

CGGCTGCCATGGATGCAGTTTCCATCAGAGCACTGGA 


3785 


ATATGACTGCAAGGACA 


3786 


TGTCCTTGCAGTCATAT 


3787 


Hypercholesteroiaemia 

Asp245Glu 

GATg-GAA 


AAACTGCATCCATGGCAGCCGGCAGTGTGACCGGGAATATG 

ACTGCAAGGACATGAGCGATGAAGTTGGCTGCGTTAATGGTG 

AGCGCTGGCCATCTGGTTTTCCATCCCCCATTCTCTGT 


3788 


ACAGAGAATGGGGGATGGAAAACCAGATGGCCAGCGCTCAC 

CATTAACGCAGCCAACTTCATCGCTCATGTCCTTGCAGTCATA 

TTCCCGGTCACACTGCCGGCTGCCATGGATGCAGTTT 


3789 


ATGAGCGATGAAGTTGG 


3790 


CCAACTTCATCGCTCAT 


3791 


Hypercholesteroiaemia 

Cys249Tyr 

TGC-TAC 


ATGGCAGCCGGCAGTGTGACCGGGAATATGACTGCAAGGAC 
ATGAGCGATGAAGTTGGCTGCGTTAATGGTGAGCGCTGGCC 
ATCTGGI 1 1 1 CCATCCCCCATTCTCTGTGCCTTGCTGCT 


3792 


AGCAGCAAGGCACAGAGAATGGGGGATGGAAAACCAGATGG 
CCAGCGCTCACCATTAACGCAGCCAACTTCATCGCTCATGTC 
CTTGCAGTCATATTCCCGGTCACACTGCCGGCTGCCAT 


3793 


AGTTGGCTGCGTTAATG 


3794 
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- , - ... v. 


SEQiD 
NO: 




CATTAACGCAGCCAACT 


3795 


Hypercholesterolemia 

Glu256Lys 

cGAG-AAG 


CTCACAGTGACACTCTGCGAGGGACCCAACAAGTTCAAGTGT 
CACAGCGGCGAATGCATCACCCTGGACAMGTCTGCA 


3796 


TGOAGAnTTTGTCP kOXXCZKGiKTCXC ATTPf2PPPPTPTP a p apt 

1 O UAOrVw I I I O l v UMOOO 1 On 1 OUH 1 1 wO U L» 1 O 1 oAUAU 1 
i www i ivji I i i>i>o i V/OOnOnO 1 0 1 oMO 1 \J 1 0AOAV3 OOA 

GAGAGAGGMGGAGGMGGTCAGGTGTGTrTGAGPPT 


3797 


CACTCTGCGAGGGACCC 


3798 


GGGTCCCTCGCAGAGTG 


3799 


Hypercholesterolaemia 

Ser265Arg 

AGCg-AGA 


v^u luiun/i uuii i u 1 i^aw\o I oAOAO 1 L» 1 uOoAuouAL>OL>AA 
CAAGTTCAAGTGTCACAGCGGCGAATGCATCACCCTGGACAA 
AGTCTGCAACATGGCTAGAGACTGCCGGGACTGGTCA 


3800 


TG APP AftTPPPftfiP A^TPTPT A CPP ATPTTPP A P A PTTT^to 
i oaoumo I uOwOOv/no 1 L» 1 u 1 AoL»OA loll oUAoAw 1 1 1 oTC 

CARGRTnATGnATTrfirPftrTf^TnAPArTT^AAPTTPTTPPP 
vrvjvjvj i \jr\ i vjV->r\ I I v/OQomo | o | OttwMO 1 1 OAMO Moll OOO 

TPPPTPGP A ft A fSTfSTP A PTPTP A P A PPP A P A P A P A r»r» 
i v-» l uoUnoMo I o 1 uAL> 1 o 1 oA^AbO OAoAoAoAoo 


3801 


TGTCACAGCGGCGAATG 


3802 


CATTCGCCGCTGTGACA ~ " 


3803 


Hypercholesterolaemia 

Glu267Lys 

cGAA-AAA 


i v-> i ^ i ool. I u I uAUAo 1 «Aw\0 1 \j 1 oOoAoooAGOOAAOAAG 
TTCAAGTGTCACAGCGGCGAATGCATCACCCTGGACAAAGTC 
TGCAACATGGCTAGAGACTGCCGGGACTGGTCAGATG 


3804 


PATPTG APP AfTTPPPPPP APTPTPT APPP ATPTT^r 1 a o a ^tt 
vn I U I OttL» wAo 1 UuUoOUAo 1 L 1 U 1 AoUUA 1 o 1 ToCAoACTT 

TGTOG AGGGTG ATGP ATTPftPPftPTVTTP A P A pttp a a pttpt 
i \j i ov^nvjoo i ort i o W\ i I UvjoUoU 1 o 1 oAUAU 1 1 oAAw Not 

TGGGTCCCTCGCAGAGTGTCACTGTGAGAGrPAGAGA 


3805 


ACAGCGGCGAATGCATC 


3806 


GATGCATTCGCCGCTGT 


3807 


Hypercholesterolaemia 

Glu267Term 

cGAA-TAA 


TGTfVrGGfTPTP AP A PTft A P A PTPTP ft^Anrr'A PPP a a p a a r* 
1 viui ooo i w i wMUMO 1 oMV/Av 1 v 1 oOoAoooAO LfUAALAAo 

TTCAAGTGTCACAGCGGCGAATGCATCACCCTGGACAAAGTC 
TGCAACATGGCTAGAGACTGCCGGGACTGGTCAGATG 


3808 


CATCTGArrAGTrrr^^PAPTPTPTAnppATPTTpPAPAPTT 

I w l vJnoonU | v;UUU\3UnU 1 U 1 U I nbl/Un loll O UAoAL/ 1 1 

TGTCCAGGGTGATGCATTCGnrGrTGTnAPAPTrnAAPTTrsT 
TGGGTCCCTCGCAGAGTGTCACTGTGAGAGCCAGAGA 


3809 


ACAGCGGCGAATGCATC 


3810 


GATGCATTCGCCGCTGT 


3811 


Hypercholesterolaemia 
Lys273Glu I 
cAAA-GM 


ACACTCTGCGAGGGACCCAACAAGTTCAAGTGTCArARrRR " 

CGAATGCATCACCCTGGACAAAGTCTGCAACATGGCTAGAGA 

CTGCCGGGACTGGTCAGATGAACCCATCAAAGAGTGCG 


3812 


CGCACTCTTTGATGGGTTCATCTGACCAGTCCCGGCAGTCTC 
TAGCCATGTTGCAGACTTTGTCCAGGGTGATGCATTCGCCGC 
TGTGACACTTGAACTTGTTGGGTCCCTCGCAGAGTGT 


3813 


CCCTGGACAAAGTCTGC 


3814 


GCAGACTTTGTCCAGGG 


3815 I 


Hypercholesterolaemia 

Cys275Term 

TGCa-TGA 


CGAGGGACCCAACAAGTTCAAGTGTCACAGCGGCGAATGCA 
TCACCCTGGACAAAGTCTGCAACATGGCTAGAGACTGCCGG 
GACTGGTCAGATGAACCCATCAAAGAGTGCGGTGAGTCT 


3816 
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Correcting Oligos 

.A ■ 3 s 


SEQID 
NO: 




AGACTCACCGCACTCTTTGATGGGTTCATCTGACCAGTCCCG 
GCAGTCTCTAGCCATGTTGCAGACTTTGTCCAGGGTGATGCA 
TTCGCCGCTGTGACACTTGAACTTGTTGGGTCCCTCG 


3817 


AAAGTCTGCAACATGGC 


3818 


GCCATGTTGCAGACTTT 


3819 


Hypercholesteroiaemia 

Asp280Gly 

GAC-GGC 


AGTTCAAGTGTCACAGCGGCGAATGCATCACCCTGGACAAAG 

TCTGCAACATGGCTAGAGACTGCCGGGACTGGTCAGATGAA 

CCCATCAAAGAGTGCGGTGAGTCTCGGTGCAGGCGGCT 


3820 


AGCCGCCTGCACCGAGACTCACCGCACTCTTTGATGGG7TCA 
TCTGACCAGTCCCGGCAGTCTCTAGCCATGTTGCAGACTTTG 
TCCAGGGTGATGCATTCGCCGCTGTGACACTTGAACT 


3821 


GGCTAGAGACTGCCGGG 


3822 


CCCGGCAGTCTCTAGCC 




Hypercholesteroiaemia ' 

Cys281Tyr 

TGC-TAC 


TCAAGTGTCACAGCGGCGAATGCATCACCCTGGACAAAGTCT 
GCAACATGGCTAGAGACTGCCGGGACTGGTCAGATGAACCC 
ATCAAAGAGTGCGGTGAGTCTCGGTGCAGGCGGCTTGC 


3824 


GCAAGCCGCCTGCACCGAGACTCACCGCACTCTTTGATGGG 
TTCATCTGACCAGTCCCGGCAGTCTCTAGCCATGTTGCAGAC 
TTTGTCCAGGGTGATGCATTCGCCGCTGTGACACTTGA 


3825 


TAGAGACTGCCGGGACT 


3826 


AGTCCCGGCAGTCTCTA 


3827 


HvDprcholp<;tprolapmia 

Asp283Asn 

gGAC-AAC 


TCTCAnAnnnRnfiAATfiPATPArrPT^ArAAAriTPTf^rAAr 

I \J 1 w/AO/AOOVJVJ\-/V3rVA 1 OOn 1 VsAVt/lsv/ 1 V3 Unu AAA V3 1 O 1 OvMnU 

ATGGCTAGAGACTGCCGGGACTGGTCAGATGAACCCATCAAA 
GAGTGCGGTGAGTCTCGGTGCAGGCGGCTTGCAGAGT 


jOZO 


ACTCTGCAAGCCGCCTGCACCGAGACTCACCGCACTCTTTGA 
TGGGTTCATCTGACCAGTCCCGGCAGTCTCTAGCCATGTTGC 
AGACTTTGTCCAGGGTGATGCATTCGCCGCTGTGACA 


3829 


ACTGCCGGGACTGGTCA 


3830 


TGACCAGTCCCGGCAGT 


3831 I 

sJ\J\J 1 


Hypercholesteroiaemia 

Asp283Glu 

GACt-GAG 


TCACAGCGGCGAATGCATCACCCTGGACAAAGTCTGCAACAT 

GGCTAGAGACTGCCGGGACTGGTCAGATGAACCCATCAAAG 

AGTGCGGTGAGTCTCGGTGCAGGCGGCTTGCAGAGTTT 


3832 


AAACTCTGCAAGCCGCCTGCACCGAGACTCACCGCACTCTTT 
GATGGGTTCATCTGACCAGTCCCGGCAGTCTCTAGCCATGTT 
GCAGACTTTGTCCAGGGTGATGCATTCGCCGCTGTGA 


3833 


TGCCGGGACTGGTCAGA 


3834 


TCTGACCAGTCCCGGCA 


3835 


Hypercholesteroiaemia 

Asp283Tyr 

gGAC-TAC 


TGTCACAGCGGCGAATGCATCACCCTGGACAAAGTCTGCAAC 
ATGGCTAGAGACTGCCGGGACTGGTCAGATGAACCCATCAAA 
GAGTGCGGTGAGTCTCGGTGCAGGCGGCTTGCAGAGT 


3836 1 


ACTCTGCAAGCCGCCTGCACCGAGACTCACCGCACTCTTTGA 
TGGGTTCATCTGACCAGTCCCGGCAGTCTCTAGCCATGTTGC 
AGACTTTGTCCAGGGTGATGCATTCGCCGCTGTGACA 


3837 


ACTGCCGGGACTGGTCA 


3838 
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SEQID 




1 TGACCAGTCCCGGCAGT 


3839 


Hypercholesterolaemia 

Tip284Term 

TGGt-TGA 


unvA/Vjva^iaAM i bUA I OAOOO 1 GGAOAAAGTCTGCAACATGG 

CTAGAGACTGCCGGGACTGGTCAGATGAACCCATCAAAGAGT 

GCGGTGAGTCTCGGTGCAGGCGGCTTGCAGAGTTTGTG 


3840 


P AP A A A PTPTPf* A A /T^/^/"*/"*"!"/"^/"* A f^S^r* A/^ a /Vtvn a a ^.-^ ' 

bAbAAAb 1 0 J bbAAbCCGCCTGCACCGAGACTCACCGCACT 
b 1 1 i oai bbb 1 1 bA 1 b 1 bALbAb 1 bbCGGCAGTCTCTAGCCA 
TftTTftn Aft APTrnrrpp a ft^ftiv^ atop attpppo^pt^ 

i vj i i ounono i i i o I buAbbb 1 bA 1 bbA 1 1 bbbbbb T G 


3841 


CGGGACTGGTCAGATGA 


3842 


TCATCTGACCAGTCCCG 


3843 


Hypercholesterolaemia 

Ser285Leu 

TCA-TTA 


fcObbObMTboATCACCCTGGACAAAGTCTGCAACATGGCTA 

GAGACTGCCGGGACTGGTCAGATGAACCCATCAAAGAGTGC 

GGTGAGTCTCGGTGCAGGCGGCTTGCAGAGTTTGTGGG 


3844 


ULbAbAAAOTLTGCAAGCCGCCTGCACCGAGACTCACCGCA 
b i b i M bA I bbb 1 1 OA 1 bTGACCAGTCCCGGCAGTCTCTAGC 

n ATftTTft P A ft APTTTftTPP A ^Pf^Tn atop ATTrvr»r>/v* 
ioi i ouMonu i 1 1 b I bbAbbb 1 bA 1 bbA 1 1 bbbbbb 


3845 


GGACTGGTQAGATGAAC 


3846 


GTTCATCTGACCAGTCC 


3847 


Hypercholesterolaemia 

Lys290Arg 

AAA-AGA 


000 1 bbAOAAAG 1 0 1 bOAAoA 1 GGO 1 ArjAGACTGCCGGGAC 
TGGTCAGATGAACCCATCAAAGAGTGCGGTGAGTCTCGGTG 
CAGGCGGCTTGCAGAGTTTGTGGGGAGCCAGGAAAGGGA 


3848 


1 bbb J iTCCTGGCTCCCCACAAACTCTGCAAGCCGCCTGCAC 

PP. A P. A PTP A PPPP A PTPTTTP ATO/^ATT A A'rrst'r^, a * 

bbAbAb 1 bAbbbCACTCTTlGATGGGTTCATCTGACCAGTCC 
O^GOAbTCTCTAGCCATGTTGCAGACTTTGTCCAGGG 


3849 


ACCCATCAAAGAGTGCG 


3850 


CGCACTCTTTGATGGGT 


3851 


Hypercholesterolaemia 

Cys297Phe 

TGC-TTC 


woo i AV3Vj\j(jOOO<jAbAti 1 <iA0UAG 1 0 1 GCATCCCCTGGCCC 
TGCGCAGGGACCAACGAATGCTTGGACAACAACGGCGGCTG 
TTCCCACGTCTGCMTGACCTTAAGATCGGCTACGAGTG 


3852 


bAb 1 bb I AbbbbATCTTAAGGTCATlGCAGACGTGGGAACAG 

PPftPPftTTftTTftTPP A APP ATTPPTTPPTPPr*T/^AAn aoao 

ououbbl Ibl IblbbAAbbAI IbblTbGTbCCTGCGCAGGG 
CCAGftftftATftPAftAPTftftTPAPTPTPPPPPPPPTAPOP 

\-»Un\JVJOO/A 1 V30r\W\L> 1 bO 1 bAb 1 b 1 bbbbbbbb 1 Abbb 


3853 


CAACGMTGCTTGGACA 


3854 


TGTCCAAGCATTCGTTG 


3855 


Hypercholesterolaemia 

Cys297Tyr 

TGC-TAC 


GGGTAGGGGnnnfiARAfiTrtAfY , Af5TrTr2r > ATPr'rr*Tr'r , r , r>r> 

TGCGCAGGGACCMCGAATGCTTGGACAACAACGGCGGCTG 
TTCCCACGTCTGCAATGACCTTAAGATCGGCTACGAGTG 


3856 


CACTCGTAGCCGATCTTAAGGTCATTGCAGACGTGGGAACAG 

CCGCCGTTGTTGTCCAAGCATTCGTTGGTCCCTGCGCAGGG 

CCAGGGGATGCAGACTGGTCACTCTCGGGCCCCTACCC 


3857 


CAACGMTGCTTGGACA 


3858 


TGTCCAAGCATTCGTTG 


3859 


Hypercholesterolaemia 

Hls306Tyr 

cCAC-TAC 


TGCATCCCCTGGCCCTGCGCAGGGACCAACGAATGCTTGGA ' 

CAACAACGGCGGCTGTTCCCACGTCTGCAATGACCTTAAGAT 

CGGCTACGAGTGCCTGTGCCCCGACGGCTTCCAGCTGG 


3860 
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SEQiD 

• 




CCAGCTGGAAGCCGTCGGGGCACAGGCACTCGTAGCCGATC 
TTAAGGTCATTGCAGACGTfiGGAACAGCCGCCGTTGTTGTCC 
AAGCATTCGTTGGTCCCTGCGCAGGGCCAGGGGATGCA 


3861 


GCTGTTCCCACGTCTGC 


ooo£ 


GCAGACGTGGGAACAGC 


0000 


HvDercholesterolaemia 

Cys308Gty 

cTGC-GGC 


www i uuouu i UvVJwnouVjnuvAnwOnn 1 1 1 w uAwnnunn 

CGGCGGCTGTTCCCACGTCIGCAATGACCTTAAGATCGGCTA 
CGAGTGCCTGTGCCCCGACGGCTTCCAGCTGGTGGCCC 


O00*r 


GGGCCACCAGCTGGMGCCGTCGGGGCACAGGPArTrGTA 

w www w/"iww/»WW I vWinWvwv f Www UUUnwnwuvnU 1 W w J fx 

GCCGATC7TAAGGTCATTGCAGACGTGGGAACAGCCGCCGT 
TGTTGTCCAAGCATTCGTTGGTCCCTGCGCAGGGCCAGGG 


0000 


CCCACGTCTGCAATGAC 


oooo 


GTCATTGCAGACGTGGG 


000/ 


Hypercholesterolaemia 

Cys308Tyr 

TGC-TAC 


CCTGGCCCTGCGCAGGGACCAACGAATGCTTGGACAACAAC 

GGCGGCTGTTCCCACGTCTGCAATGACCTTAAGATCGGCTAC 

GAGTGCCTGTGCCCCGACGGCTTCCAGCTGGTGGCCCA 


3Rfift ! 


TGGGCCACCAGCTGGAAGCCGTCGGGGGArAGGrArTPGTA 
GCCGATCTTAAGGTCATTGCAGACGTGGGAACAGCCGCCGTT 
GTTGTCCAAGCATTCGTTGGTCCCTGCGCAGGGCCAGG 


0009 


CCACGTCTGCAATGACC 

wwnw w i w i w unn i \jnuv 


00/ u 


GGTCATTGCAGACGTGG 


00/ 1 


Hvoercholesterolaemia 

Gly314Ser 

cGGC-AGC 


ACCAACGAATGCTTGGACAACAACGGCGGCTGTTCCCACGTC 

*»ww#w»w wnn i ww i 1 u un vrvn vnn v WU v v v v 1 f | vvvnvw I w 

TGCAATGACCTTAAGATCGGCTACGAGTGCCTGTGCCCCGAC 
GGCTTCCAGCTGGTGGCCCAGCGAAGATGCGAAGGTG 


00 / c 


CACCTTCGCATnTTr.Gr.TGGGPrArr'ARrTRfiAARrr'rtTrR 

GGGCACAGGCACTCGTAGCCGATCTTAAGGTCATTGCAGAC 
GTGGGAACAGCCGCCGTTGTTGTCCMGCATTCGTTGGT 


00/0 


TTAAGATCGGCTACGAG 


00/ *t 


CTCGTAGCCGATCTTAA 

w i ww i /\ w w w W/\ l w 1 1 rui 


00/ 0 


1 1 jfJwl vllwlGOlwi UldCI 1110 

Gly314Val 
GGC-GTC 


rrAArGAATGrTT^ArAArAArn^rihrtnTTf^rrAPPTrT 

wwMttwVJMtt 1 V3w 1 1 OwMwMrtwnMwOOwOw w lot I wwwAww 1 w 1 

GCAATGACCTTAAGATCGGCTACGAGTGCCTGTGCCCCGAC 
GGCTTCCAGCTGGTGGCCCAGCGAAGATGCGAAGGTGA 


QQ7R 
00/0 


TCACCTTCGCATCTTCGCTGGGCCACCAGCTGGAAGCCGTC 

• w* \ww I i wv/w »i w » I W^^W 1 vwwWwnvvnvw 1 wUnnwUwVJ 1 W 

GGGGCACAGGCACTCGTAGCCGATCTTAAGGTCATTGCAGA 
CGTGGGAACAGCCGCCGTTGTTGTCCAAGCATTCGTTGG 


3877 

00/ I 


TAAGATCGGCTACGAGT 


00/ 0 


ACTCGTAGCCGATCTTA 


3879 


Hypercholesterolaemia 

Tyr315Term 

TACg-TAA 


CGAATGCTTGGACAACAACGGCGGCTGTTCCCACGTCTGCAA 
TGACCTTAAGATCGGCTACGAGTGCCTGTGCCCCGACGGCTT 
CCAGCTGGTGGCCCAGCGAAGATGCGAAGGTGATTTC 


3880 


GAAATCACCTTCGCATCTTCGCTGGGCCACCAGCTGGAAGCC 
GTCGGGGCACAGGCACTCGTAGCCGATCTTAAGGTCATTGCA 
GACGTGGGAACAGCCGCCGTTGTTGTCCAAGCATTCG 


3881 


ATCGGCTACGAGTGCCT 


3882 
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SEQID- 

mil 


1 AGGCACTCGTAGCCGAT 


3883 


Hypercholesterolaemia 

Cys317Gly 

gTGC-GGC 


TGu 1 1 GGACAACJAACGGCGGCTGTTCCCACGTCtGCAATGAC" 

CTTAAGATCGGCTACGAGTGCCTGTGCCCCGACGGCTTCCA 

GCTGGTGGCCCAGCGAAGATGCGAAGGTGATTTCCGGG 


3884 


CCCuUAAArUAUCTTCGCATCTTCGCTGGGCCACCAGCTGG 
AAGCCGTCGGGGCACAGGCACTCGTAGCCGATCTTAAGGTC 
ATTGCAGACGTGGGAACAGCCGCCGTTGTTGTCCAAGCA 


3885 


GCTACGAGTGCCTGTGC 


3886 


GCACAGGCACTCGTAGC 


3887 


Hypercholesterolaemia 

Cys317Ser 

gTGC-AGC 


TGCTTGGACAACAACGGCGGCJTGTTCCCACGTCTGCMTGAC 

CTTAAGATCGGCTACGAGIGCCTGTGCCCCGACGGCTTCCA 

GCTGGTGGCCCAGCGAAGATGCGAAGGTGATTTCCGGG 


3888 


COLbbAAAlCACCTTCGCATCTTCGCTGGGCCACCAGCTGG 
AAGCCGTCGGGGCACAGGCACTCGTAGCCGATCTTAAGGTC 
ATTGCAGACGTGGGAACAGCCGCCGTTGTTGTCCAAGCA 


3889 


GCTACGAGTGCCTGTGC 


3890 


GCACAGGCACTCGTAGC 


3891 


Hypercholesterolaemia 

Pro320Arg 

CCC-CGC 


ACAACGGCGGCTGTTCCCACGTCTGCAATGACCTTAAGATCG 
GCTACGAGTGCCTGTGCCCCGACGGCTTCCAGCTGGTGGCC 
CAGCGAAGATGCGAAGGTGATTTCCGGGTGGGACTGAG 


3892 


CTCAGTCCCACCCGGAAATCACCTTCGCATCTTCGCTGGGCC 
ACCAGCTGGAAGCCGTCGfiGGCACAGGCACTCGTAGCCGAT 
CTTAAGGTCATTGCAGACGTGGGAACAGCCGCCGTTGT 


3893 


CCTGTGCCCCGACGGCT 


3894 


AGCCGTCGGGGCACAGG 


3895 


Hypercholesterolaemia 

Asp321Asn 

cGAC-AAC 


AACGGCGGCRal 1 CCCACGTCTGCAATGACCTTAAGATCGGC 
TACGAGTGCCTGTGCCCCGACGGCTTCCAGCTGGTGGCCCA 
GCGAAGATGCGAAGGTGATTTCCGGGTGGGACTGAGCC 


3896 


bbU I UAG 1 tOOACCCGGAAATCACCTTCGCATCTTCGCTGGG 
CCACCAGCTGGAAGCCGTCGGGGCACAGGCACTCGTAGCCG 
ATCTTAAGGTCATTGCAGACGTGGGAACAGCCGCCGTT 


3897 


TGTGCCCCGACGGCTTC 


3898 




3899 


Hypercholesterolaemia 

Asp321Glu 

GACg-GAG 


CGGCGGCTGTKJCCACGTCTGCAATGACCTTAAGATCGGCTA 
CGAGTGCCTGTGCCCCGACGGCTTCCAGCTGGTGGCCCAGC 
GAAGATGCGAAGGTGATTTCCGGGTGGGACTGAGCCCT 


3900 


AGGGCTCAGTCCCACCCGGAAATCACCTTCGCATCTTCGCTG 

GGCCACCAGCTGGAAGCCGTCGGGGCACAGGCACTCGTAG 

CCGATCTTAAGGTCATTGCAGACGTGGGAACAGCCGCCG 


3901 


TGCCCCGACGGCTTCCA 


3902 


TGGAAGCCGTCGGGGCA 


3903 


Hypercholesterolaemia 

Gly322Ser 

cGGC-AGC 


GGCGGCTGTTCCCACGTCTGCAATGACCTTAAGATCGGCTAC 
GAGTGCCTGTGCCCCGACGGCTTCCAGCTGGTGGCCCAGCG 
AAGATGCGAAGGTGATTTCCGGGTGGGACTGAGCCCTG 


3904 
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CAGGGCTCAGTCCCACCCGGAAATCACCTTCGCATCTTCGCT 

GGGCCACCAGCTGGAAGCCGTCGGGGCACAGGCACTCGTA 

GCCGATCTTAAGGTCATTGCAGACGTGGGAACAGCCGCC 


3905 


GCCCCGACGGCTTCCAG 


3906 


CTGGAAGCCGTCGGGGC 


3907 


Hypercholesterolaemia 

Gln324Term 

cCAG-TAG 


tgttcccacgtctgcaatgaccttaagatcggctacgagTgC 
ctgtgccccgacggcttccagctggtggcccagcgaagatg 
cgaaggtgatttccgggtgggactgagccctgggcccc 


3908 


GGGGCCCAGGGCTCAGTCCCACCCGGAAATCACCTTCGCAT 

CTTCGCTGGGCCACCAGCTGGAAGCCGTCGGGGCACAGGCA 

CTCGTAGCCGATCTTAAGGTCATTGCAGACGTGGGAACA 


3909 


ACGGCTTCCAGCTGGTG 


3910 


CACCAGCTGGAAGCCGT 


3911 


Hypercholesterolaemia 

Arg329Pro 

CGA-CCA 


ATGACCTTAAGATCGGCTACGAGTGCCTGTGCCCCGACGGC 
TTCCAGCTGGTGGCCCAGCGAAGATGCGAAGGTGATTTCCG 
GGTGGGACTGAGCCCTGGGCCCCCTCTGCGCTTCCTGAC 


3912 

VV 1 Cm 


GTCAGGAAGCGCAGAGGGGGCCCAGGGCTCAGTCCCACCC 
GGAAATCACCTTCGCATCTTCGCTGGGCCACCAGCTGGAAG 
CCGTCGGGGCACAGGCACTCGTAGCCGATCTTAAGGTCAT 


3913 


GGCCCAGCGAAGATGCG 


3914 


CGCATCTTCGCTGGGCC 


3915 


Hypercholesterolaemia 

Arg329Term 

gCGA-TGA 


AATGACCTTAAGATCGGCTACGAGTGCCTGTGCCCCGACGG 
CTTCCAGCTGGTGGCCCAGfiGAAGATGCGAAGGTGATTTCC 
GGGTGGGACTGAGCCCTGGGCCCCCTCTGCGCTTCCTGA 


3916 


TCAGGAAGCGCAGAGGGGGCCCAGGGCTCAGTCCCACCCG 

GAAATCACCTTCGCATCTTCfiCTGGGCCACCAGCTGGAAGCC 

GTCGGGGCACAGGCACTCGTAGCCGATCTTAAGGTCATT 


3917 


TGGCCCAGCGAAGATGC 


3918 


GCATCTTCGCTGGGCCA 


3919 


Hypercholesterolaemia 

Glu336Lys 

tGAG-AAG 


TCTAGCCATTGGGGAAGAGCCTCCCCACCAAGCCTCTTTCTC 
TCTCTTCCAGATATCGATGAGTGTCAGGATCCCGACACCTGC 
AGCCAGCTCTGCGTGAACCTGGAGGGTGGCTACAAGT 


3920 


ACTTGTAGCCACCCTCCAGGTTCACGCAGAGCTGGCTGCAG 

GTGTCGGGATCCTGACACTCATCGATATCTGGAAGAGAGAGA 

AAGAGGCTTGGTGGGGAGGCTCTTCCCCAATGGCTAGA 


3921 


ATATCGATGAGTGTCAG 


3922 


CTGACACTCATCGATAT 


3923 


Hypercholesterolaemia 

Gln338Term 

tCAG-TAG 


CATTGGGGAAGAGCCTCCCCACCAAGCCTC 1 1 TOTCfC rCTT 

CCAGATATCGATGAGTGTCAGGATCCCGACACCTGCAGCCAG 

CTCTGCGTGAACCTGGAGGGTGGCTACAAGTGCCAGT 


3924 


ACTGGCACTTGTAGCCACCCTCCAGGTTCACGCAGAGCTGG 

CTGCAGGTGTCGGGATCCTGACACTCATCGATATCTGGAAGA 

GAGAGAAAGAGGCTTGGTGGGGAGGCTCTTCCCCAATG 


3925 


ATGAGTGTCAGGATCCC 


3926 
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GGGATCCTGACACTCAT 


3927 


nypercnoiesieroiaemia 

Cys343Arg 

cTGC-CGC 


ICCLGACCAAGCCTCTTTCTCTCTCTTCCAGATATCGATGAGT 

GTCAGGATCCCGACACCTGCAGCCAGCTCTGCGTGAACCTG 

GAGGGTGGCTACAAGTGCCAGTGTGAGGAAGGCTTCC 


3928 


GGAAGCCTTCCTCACACTGGCACTTGTAGCCACCCTCCAGGT 

TCACGCAGAGCTGGCTGCAGGTGTCGGGATCCTGACACTCA 

TCGATATCTGGAAGAGAGAGAAAGAGGCTTGGTGGGGA 


3929 


CCGACACCIGCAGCCAG 


3930 


CTGGCTGCAGGTGTCGG 


3931 


Hypercholesterolaemia 

Gln345Arg 

CAG-CGG 


TCCCGACACCTGCAGCCAGCTCTGCGTGAACCTGGAGGGTG 
GCTACAAGTGCCAGTGTGAGGAAGGCTTCCAGCTGGA 


3932 


TCCAGCTGGAAGCCTTCCTCACACTGGCACTTGTAGCCACCC 
TCCAGGTTCACGCAGAGCTGGCTGCAGGTGTCGGGATCCTG 
ACACTCATCGATATCTGGAAGAGAGAGAAAGAGGCTTG 


3933 


CTGCAGCCAGCTCTGCG 


3934 


CGCAGAGCTGGCTGCAG 


3935 


Hypercholesterolaemia 

Cys347Tyr 

TGC-TAC 


1 CTTTCTCTCTC 1 rUGAGATATCGATGAGTGTCAGGATCCCGA 
CACCTGCAGCCAGCTCT6CGTGAACCTGGAGGGTGGCTACA 
AGTGCCAGTGTGAGGAAGGCTTCCAGCTGGACCCCCA 


3936 


TGGGGGTCCAGCTGGAAGCCTTCCTCACACTGGCACTTGTA 

GCCACCCTCCAGGTTCACGCAGAGCTGGCTGCAGGTGTCGG 

GATCCTGACACTCATCGATATCTGGAAGAGAGAGAAAGA 


3937 


CCAGCTCTGCGTGAACC 


3938 


GGTTCACGCAGAGCTGG 


3939 


Hypercholesterolaemia 

Cys347Arg 

cTGC-CGC 


CTCTTTCTCTCTCTTCCAGATATCGATGAGTGTCAGGATCCCG 
ACACCTGCAGCCAGCTCTGCGTGAACCTGGAGGGTGGCTAC 
AAGTGCCAGTGTGAGGAAGGCTTCCAGCTGGACCCCC 


3940 


GGGGGTCCAGCTGGAAGCC1TCCTCACACTGGCACTTGTAG 

CCACCCTCCAGGTTCACGCAGAGCTGGCTGCAGGTGTCGGG 

ATCCTGACACTCATCGATATCTGGMGAGAGAGAAAGAG 


3941 


GCCAGCTCTGCGTGAAC 


3942 


GTTCACGCAGAGCTGGC 


3943 


nyperchoiesterolaemia 

Gly352Asp 

GGT-GAT 


CAGATATCGATGAGTGTCAGGATCCCGACACCTGCAGCCAGC 

TCTGCGTGAACCTGGAGGGTGGCTACAAGTGCCAGTGTGAG 

GAAGGCTTCCAGCTGGACCCCCACACGAAGGCCTGCAA 


3944 


i ivaOAbbOOl 1 OGTGTGGGGGTCCAGCTGGMGCCTTCCTC 

ACACTGGCACTTGTAGCCACCCTCCAGGTTCACGCAGAGCTG 

GCTGCAGGTGTCGGGATCCTGACACTCATCGATATCTG 


3945 




CCTGGAGGGTGGCTACA 


3946 




TGTAGCCACCCTCCAGG 


3947 


Hypercholesterolaemia 

Tyr354Cys 

TAC-TGC 


1 CGATGAGTGTCAGGATCCCGACACC 1 GCA6CCAGCTCTGC ' ' 

GTGMCCTGGAGGGTGGCTACMGTGCCAGTGTGAGGAAGG 

CTTCCAGCTGGACCCCCACACGAAGGCCTGCAAGGCTGT 


3948 
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ACAGCC7TGCAGGCCTTCGTGTGGGGGTCCAGCTGGAAGCC 
TTCCTCACACTGGCACTTGTAGCCACCCTCCAGGTTCACGCA 
GAGCTGGCTGCAGGTGTCGGGATCCTGACACTCATCGA 


3949 


GGGTGGCTACAAGTGCC 


3950 


GGCACTTGTAGCCACCC 


3951 


Hypercholesterolaemia 

Cys358Arg 

gTGT-CGT 


CAGGATCCCGACACCTGCAGCCAGCTCTGCGTGAACCTGGA 
GGGTGGCTACAAGTGCCAGTGTGAGGAAGGCTTCCAGCTGG 
ACCCCCACACGAAGGCCTGCAAGGCTGTGGGTGAGCACG 


3952 


CGTGCTCACCCACAGCCTTGCAGGCCTTCGTGTGGGGGTCC 
AGCTGGAAGCCTTCCTCACACTGGCACTTGTAGCCACCCTCC 
AGGTTCACGCAGAGCTGGCTGCAGGTGTCGGGATCCTG 


3953 


AGTGCCAGTGTGAGGAA 


3954 


TTCCTCACACTGGCACT 


3955 


Hypercholesterolaemia 

Gln363Term 

cCAG-TAG 


TGCAGCCAGCTCTGCGTGAACCTGGAGGGTGGCTACAAGTG 
CCAGTGTGAGGAAGGCTTCCAGCTGGACCCCCACACGAAGG 
CCTGCAAGGCTGTGGGTGAGCACGGGAAGGCGGCGGGTG 


3956 


CACCCGCCGCCTTCCCGTGCTCACCCACAGCCTTGCAGGCC 
TTCGTGTGGGGGTCCAGCTfiGAAGCCTTCCTCACACTGGCA 
CTTGTAGCCACCCTCCAGGTTCACGCAGAGCTGGCTGCA 


3957 


AAGGCTTCCAGCTGGAC 


3958 


GTCCAGCTGGAAGCCTT 


3959 | 



EXAMPLE 22 
UDP-qlucuronosyltransferase - UGT1 

Mutations in the human UGT1 gene result in a range of disease syndromes, ranging from 
relatively common diseases such as Gilbert's syndrome, which effects up to 7% of the population, to rare 
disorders such as Crigler-Najjar syndrome. Symptoms of these diseases are the result of diminished 
bilirubin conjugation and typically present with jaundice or, when mild, as an incidental finding during 
routing laboratory analysis. Severe cases of Crigler-Najjar syndrome are caused by an absence of UGT1 
activity and the majority of these patients die in the neonatal period. The only known treatment is liver 
transplant The attached table discloses the correcting oligonucleotide base sequences for the UGT1 
oligonucleotides of the invention. 
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Table 29 

UGT1 Mutations and Genome-Correcting Oligos 



GBrilPal Phpnrvhmtv ft 


s * ' - : , " ' 

Correcting Oligos 

1, , : 


■PR 

1 NO; 


Crigler-Najjar syndrome 
2 

Leu15Arg 
CTG-CGG 


GCAGGAGCAAAGGCGCCATGGCTGTGGAGTCCCAGGGCGG 
ACGCCCACTTGTCCTGGGCCTGCTGCTGTGTGTGCTGGGCC 
CAGTGGTGTCCCATGCTGGGAAGATACTGTTGATCCCAGT 


3960 


ACTGGGATCAACAGTATCTTCCCAGCATGGGACACCACTGGG 

CCCAGCACACACAGCAGCAGGCCCAGGACAAGTGGGCGTCC 
GCCCTGGGACTCCAriAftrrATRRrf^orTTTrrTr^T^^ 


3961 


CCTGGGCCTGCTGCTGT 


3962 


ACAGCAGCAGGCCCAGG 


3963 


Crigler-Najjar syndrome 
1 

Gln49Tenm 
CAG-TAG 


liliUAAGATACTGI I GATCCCAGTGGAI GGCAGCCACTGGCT 

GAGCATGCTTGGGGCCATCCAGCAGCTGCAGCAGAGGGGAC 

ATGAAATAGTTGTCCTAGCACCTGACGCCTCGTTGTACA 


3964 


TGTACAACGAGGCGTCAGGTGCTAGGACAACTATTTCATGTC 

CCCTCTGCTGCAGCTGCTGGATGGCCCCAAGCATGCTCAGC 

CAGTGGCTGCCATrrArTGfZfZATr A h PA r> ta rrTrnnn 
i vjvju i oiiUrt i UL>ft(j 1 ulJlaA 1 OAAOAo 1 A 1 U 1 1 OLC 


3965 


GGGCCATCCAGCAGCTG 


3966 


CAGCTGCTGGATGGCCC 


3967 


Crigler-Najjar syndrome 
1 

Gly71Arg 
GGA-AGA 


CAGCAGAGGGUACATGAAATAGT IGTCCTAGCACCTGACGCC 
TCGTTGTACATCAGAGACGGAGCATTTTACACCTTGAAGACGT 
ACCCTGTGCCATTCCAAAGGGAGGATGTGAAAGAGT 


3968 


ACTCTTTCACATCCTCCCnTGGAATGGCACAGGGTACGTCTT 

CAAGGTGTAAAATGCTCCGTCTCTGATGTACAACGAGGCGTC 
AGGTGCTAGGACAACTATTTPATRTrrrrTrTrrTr 


3969 


TCAGAGACGGAGCATTT 


3970 


AMTGCTCCGTCTCTGA 


3971 


Ciilbert syndrome 

Proz29Gln 

CCG-CAG 


UCiCa 1 gaagaacaigctcattgCc 1 1 1 1 CACAGAACTTTCTGTG 

CGACGTGGTTTATTCCCCGTATGCAACCCTTGCCTCAGAATT 

CCTTCAGAGAGAGGTGACTGTCCAGGACCTATTGAG 


3972 


CTCAATAGGTCCTGGACAGTCACCTCTCTCTGAAGGAATTCT 
tjAbbOMbCsGTTGCATACGGGGAATAAACCACGTCGCACAG 
AAAGTTCTGTGAAAAGGCAATGAGCATGTTCTTCACCC 


3973 




TTATTCCCCGTATGCAA 


3974 




TTGCATACGGGGAATAA 


3975 


Crigler-Najjar syndrome 
Cy$280Term 


TGTGAAGGATTACCCTAGGCCCATCATGCCCAATATGGTTTTT 

GTTGGTGGAATCAACTGCCTTCACCAAAATCCACTATCCCAG 

GTGTGTATTGGAGTGGGACTTTTACATGCGTATATT 


3976 


TGC-TGA 


AATATACGCATGTAAAAG i oCCACTCCAATACACACCTGGGAT 

AGTGGATTTTGGTGAAGGCAGTTGATTCCACCAACAAAAACC 

ATATTGGGCATGATGGGCCTAGGGTAATCCTTCACA 


3977 
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, 'Mutation . 


Correcting Ofigos , 


NO; 




ATCAACTGCCTTCACCA 


3978 


TGGTGAAGGCAGTTGAT 


3979 


Crigler-Najjar syndrome 

A 
1 

Ala292Val 
GCC-GTC 


ATCAMGMTATGAGAAAAMTTMCTGAAMlTTTITCnCTGG " 

f^TPT ArPi ATTTO A A fV*PT A O ATT A ATfV v TTPT/"V"' A r> A A AT<"> 

L«lV/IAbbAAI 1 1 bAAbV»l> 1 Aw\ 1 IAAIbL.1 1 U 1 bbAb AAL- A 1 b 

GAATTGTGGTTTTCTCTTTGGGATCAATGGTCTC 


3980 


GAGACCATTGATCCCAAAGAGAAAACCACAATTCCATGTTCTC 
CAGMGCATTAATGTAGGCTTCAAATTCCTAGAGCCAGAAGAA 
AMTTirCAGHMTTTTTTCTCATATTCTTTGAT 


3981 


ATTTGAAGCCTACATTA 


3982 


TAATGTAGGCTTCAAAT 


3983 


Crigler-Najjar syndrome 

1 

Gly308Glu 
GGA-GM 


AGGAATTTGAAGCCTACATTAATGCTTCTGGAGAACATGGAAT 

T^TOr*TTTT/\T/\TTT/S A A A T A A ATA ATATA A A A A ATTAAAAJIO 

Tbrbbl 1 1 ICTCI 1 1 GGGATCMTGGTCTCAGAMTTCCAGAG 
AAGAAAGCTATGGCAATTGCTGATGCTTTGGGCAA 


3984 


TTGCCCAAAGCATCAGCAATTGCCATAGCTTTCTTCTCTGGAA 

TTTrtT^ A O A OO A 1 1 O ATOOO AAA O A O A A A A OO AAA ATTAA A -r f*\ 

TTTCTGAGACCATTGATCCCAAAGAGAAAACCACAATTCCATG 
TTCTCCAGAAGCATTAATGTAGGCTTCAAATTCCT 


3985 


CTCTTTGGGATCAATGG 


3986 


CCATTGATCCCAAAGAG 


3987 


Crigler-Najjar syndrome 

4 
1 

Gln331Term 
CAG-TAG 


GTCTCAGAAATTCCAGAGAAGAAAGCTATGGCAATTGCTGAT 

AAI 1 1 OAAOA A A ATOPATAAAAAAATA AO A AAATTOTATA AAA 

bL M TbGbCAAAATCCCTCAGACAGTAAGAAG ATTCTATACCA 
TGGCCTCATATCTATTTTCACAGGAGCGCTAATCCC 


3988 


GGGATTAGCGCTCCTGTGAAAATAGATATGAGGCCATGGTAT 

A O A A TATTATT A ATATATA A OOO A TTTT/^A^rS AAA y>/"» A T-/"» A 

AGMTCTTCTTACTGTCTGAGGGATTTTGCCCAAAGCATCAGC 
AATTGCCATAGCT7TCTTCTCTGGAATTTCTGAGAC 


3989 


AAATCCCTCAGACAGTA 


3990 


TACTGTCTGAGGGATTT 


3991 


Crigler-Najjar syndrome 

1 

Trp335Term 
TGG-TGA 


TCTAATCATATTATGTTCTTTCTTTACGTTCTGC 1 C 1 1 1 1 IGCC 

PPTPAr A A/"*TPPTATAAAAAT AAA ATAA A APPPA aaaa TAP 

CCTCCCAbbTCCTbTboCbGTACACTGGAACCCGACCATCG 
AATCTTGCGAACAACACGATACTTGTTAAGTGGCTA 


3992 


TAGCCACTTAACAAGTATCGTGTTGTTCGCAAGATTCGATGGT 

f*r^f*f* 1 T'^O A ATATA OO/'N^/'^ A O A OO A ^ OT* O A OO 00^> A AAA 

CGGGTTCCAGTGTACCGCCACAGGACCTGGGAGGGGCAAAA 
AGAGCAGAACGTAAAGAAAGAACATAATATGATTAGA 


3993 


GTCCTGTGGCGGTACAC 


3994 


GTGTACCGCCACAGGAC 


3995 


Crigler-Najjar syndrome 
1 

Gln357Arg 
CAA-CGA 


ACACTGGAACCCGACCATCGAATCTTGCGAACAACACGATAC 
TTGTTAAGTGGCTACCCCAAAACGATCTGCTTGGTATGTTGG 
GCGGATTGGATGTATAGGTCAAACCAGGGTCAAATTA 


3996 


TAATTTGACCCTGGTTTGACCTATACATCCAATCCCwCCAACA 
TACCAAGCAGATCGTTTTGGGGTAGCCACTTAACAAGTATCGT 
GTTGTTCGCAAGATTCGATGGTCGGGTTCCAGTGT 


3997 
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iiiii 

NO: 




GCTACCCCAAAACGATC 


3930 


GATCGTTTTGGGGTAGC 




Crigler-Najjar syndrome 
1 

Gln357Term 
CAA-TM 


TACACTGGAACUrjGACCATCGAATCTTGCGAACAACACGATA 
CTTGTTAAGTGGCTACCCCAAAACGATCTGCTTGGTATGTTG 
GGCGGATTGGATGTATAGGTCAAACCAGGGTCAAATT 


4000 

H\J\J\J 


AAl I IGACCCTGGI ITGACCTATACATCCAATCCGCCCAACAT 
ACCAAGCAGATCGTTTTGGGGTAGCCACTTAACAAGTATCGT 
>j i i o 1 1 ^LjOAAvjA 1 1 ObA I 1 LGGoTTCCAGTGTA 


4001 


GGCTACCCCAAAACGAT 


4009 


ATCGTTTTGGGGTAGCC 


400? 


Gilbert syndrome 

Arg367Gly 

CGT-GGT 


AACTCAGAGATGTAACTGCTGACArCCTCCCTATTTTGCATCT 
CAGGTCACCCGATGACCCGTGCCTTTATCACCCATGCTGGTT 
CCCATGGTGTTTATGAAAGCATATGCAATGGCGTTC 


4004 


GAACGCCATTGCATATGCTTTCATAAACACCATGGGAACCAG 
CATGGGTGATAAAGGCACGGGTCATCGGGTGACCTGAGATG 

0/W\A 1 AbOGAGGATbTCAGCAGTTACATCTCTGAGTT 


/fine 
4UU0 


CGATGACCCGTGCCTTT 




AAAGGCACGGGTCATCG 


4007 


Crigler-Najjar syndrome 
1 

Ala368Thr 
GCC-ACC 


1 CAGAGATGTAACTGCTGACATCC ICCCIAI 1 1 1 GCATCTCAG 
GTCACCCGATGACCCGTgCCTTTATCACCCATGCTGGTTCCC 
ATGGTGTTTATGAAAGCATATGCAATGGCGTTCCCA 


Anna 


TGGGAACGCCATTGCATATGCTTTCATAAACACCATGGGAAC 
CAGCATGGGTGATAAAGGCACGGGTCATCGGGTGACCTGAG 
" i I Abow\b«A 1 o 1 OAoUAo M ACATCTCTGA 




TGACCCGTGCCTTTATC 


4010 


GATAAAGGCACGGGTCA 


4011 


Crigler-Najjar syndrome 
1 

Ser375Phe 
TCC-TTC 


CCICCCIAI 1 1 1 GCATCTCAGGTCACCCGATGACCCGTGCCT 
TTATCACCCATGCTGGTTCCCATGGTGTTTATGAAAGCATATG 
CAATGGCGTTCCCATGGTGATGATGCCCTTGTTTGG 


4012 

*tU 1 Cm 


CCAAACAAGGGCATCATCACCATGGGAACGCCATTGCATATG 
CTTTCATAAACACCATGGGAACCAGCATGGGTGATAAAGGCA 
CGGGTCATCGGGTGACCTGAGATGCAAAATAGGGAGG 


401? 


TGCTGGTTCCCATGGTG 


4014 


CACCATGGGAACCAGCA 


4015 


Crigler-Najjar syndrome 
1 

Ser381Arg 
AGC-AGG 


AGGTCACCCGATGACCCGTGCCTT'I ATCACCCATGCTGGTTC 

CCATGGTGTTTATGAAAGCATATGCAATGGCGTTCCCATGGT 

GATGATGCCCTTGTTTGGTGATCAGATGGACAATGCA 


4016 


TGCATTGTCCATCTGATCACCAAACAAGGGCATCATCACCAT 
GGGAACGCCATTGCATATGCTTTCATAAACACCATGGGAACC 
AGCATGGGTGATAAAGGCACGGGTCATCGGGTGACCT 


4017 
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Clinical Phenotype& 
Mutation 


.. Correcting Ohgos. >. , - 

* 


NO: 




TATGAAAGCATATGCAA 


4018 


TTGCATATGCTTTCATA 


4019 


Crigler-Najjar syndrome 
i 

i 

Ala401Pro 
GCA-CCA 


AGCATATGCAATGGCGTTCCCATGGTGATGATGCCCTTGTTT 
AGCTGGAGTGACCCTGAATGTTCTGGAAATGACTTCTG 


4020 


CAGAAGTCATTTCCAGAACATTCAGGGTCACTCCAGCTCCCT 

T A CXYCTC P ATft PftPTTTfSP ATTCTP P ATPTC ATP APPAAAPAA 
1 MO 1 v-> 1 L>UA 1 Ov/Ou 1 1 1 OwA II O 1 UL»A 1 L» 1 OA 1 LAOLfAAAOAA 

GGGCATCATCACCATGGGAACGCCATTGCATATGCT 


4021 


TGGACAATGCAMGCGC 


4022 


GCGCTTTGCATTGTCCA 1 


4023 


Crigler-Najjar syndrome 
1 

Lys428Glu 
AAA-GM 


GGAGCTGGAGTGACCCTGAATGTTCTGGAAATGACTTCTGAA 
RATTTAGAAAATGnTnTAAAAGrAGTrATrAATGAPAAAAGGT 

AAGAAAGAAGATACAGAAGAATACTTTGGTCATGGC 


4024 


GCCATGACCAMGTAnCTTCTGTATCTrCTTTCTTACCTiTTG 

TP ATT/^ ATP A PTPPTTTT A CI A PP ATTTTPT A A ATPTTP A P A A PT 
1 OA 1 1 OA 1 oAL» 1 Mil AoAoU A 1 1 1 1 1 AAA 1 O 1 1 OMOMMO 1 

CATTTCCAGAACATTCAGGGTCACTCCAGCTCC 


4025 


ATGCTCTAAAAGCAGTC 


4026 


GACTGCTTTTAGAGCAT 


4027 


Crigler-Najjar syndrome 

1 

Tyr486Asp 
TAC-GAC 


ATGAGGCACAAGGGCGCGCCACACCTGCGCCCCGCAGCCC 
GTTTCCTCTTGGCCGTCGTGCTGACAGTGGCCTTCATCA 


4028 


TGATGAAGGCCACTGTCAGCACGACGGCCAAGAGGAAACCA 

ATPAPfTTPPAAf^AATPPTAPTPfyrAPPAPPTPAPPTPPTP 
A 1 LrAuo 1 UUAAooAA 1 bo \ AL» 1 oo 1 AuLrAoo 1 bAbb 1 Lb 1 O 

GGCTGCGGGGCGCAGGTGTGGCGCGCCCTTGTGCCTCAT 


4029 


GGTACCAGTACCATTCC 


4030 


GGAATGGTACTGGTACC 


4031 


Crigler-Najjar syndrome 
1 

1 

Ser488Phe 
TCC-HC 


ACAAGGGCGCGCCACACCTGCGCCCCGCAGCCCACGACCT 
nACrTGGTArnAGTArrATTrrTTftGArGTGATTGGTTTrrT 

CTTGGCCGTCGTGCTGACAGTGGCCTTCATCACCTTTAA 


4032 


TTAAAGGTGATGAAGGCCACTGTCAGCACGACGGCCAAGAG 

GAAACCAATCACGTCCAAGGAATGGTACTGGTACCAGGTGAG 

GTCGTGGGCTGCGGGGCGCAGGTGTGGCGCGCCCTTGT 


4033 


GTACCATTCCTTGGACG 


4034 


CGTCCAAGGAATGGTAC 


4035 
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EXAMPLE 23 

Alzheimer's Disease • Amvloid precursor protein (APP) 

Over the past few decades Alzheimer's disease (AD), once considered a rare disorder, 
has become recognized as a major public health problem. Although there is no agreement on the exact 
prevalence of Alzheimer's disease, in part due to difficulties of diagnosis, studies consistently point to an 
exponential rise in prevalence of this disease with age. After age 65, the percentage of affected people 
approximately doubles with every decade of life, regardless of definition. Among people age 85 or older, 
studies suggest that 25 to 35 percent have dementia, including Alzheimer's disease; one study reports 
that 47.2 percent of people over age 85 have Alzheimer's disease, exclusive of other dementias. 

Alzheimer's disease progressively destroys memory, reason, judgment language, and, 
eventually, the ability to carry out even the simplest tasks. Anatomic changes associated with Alzheimer's 
disease begin in the entorhinal cortex, proceed to the hippocampus, and then gradually spread to other 
regions, particularly the cerebral cortex. Chief among such anatomic changes are the presence of 
characteristic extracellular plaques and internal neurofibrillary tangles. 

At least four genes have been identified to date that contribute to development of 
Alzheimer's disease: AD1 is caused by mutations in the amyloid precursor gene (APP); AD2 is associated 
with a particular allele of APOE (see Example 20); AD3 is caused by mutation in a gene encoding a 
7-transmembrane domain protein, presenilin-1 (PSEN1), and AD4 is caused by mutation in a gene that • 
encodes a similar 7-transmembrane domain protein, presenilin-2 (PSEN2). The attached table discloses 
the correcting oligonucleotide base sequences for the APP oligonucleotides of the invention. 

Table 30 

APP Mutations and Genome-Correcting Oliqos 



Clinical Phenotype& 
• Mutation 


Correcting Oligos 

- - . . , 


SEQID 
NO: 


Alzheimer disease 

Glu665Asp 

GAG-GAC 


CTGCATACTTTAATTATGATGTAATACAGGTTCTGGGTTGACA 
AATATCAAGACGGAGGAGATCTCTGAAGTGAAGATGGATGCA 
GAATTCCGACATGACTCAGGATATGAAGTTCATCAT 


4036 


ATGATGAACTTCATATCCTGAGTCATGTCGGAATTCTGCATCC 
ATCTTCACTTCAGAGATCTCCTCCGTCTTGATATTTGTCAACC 
CAGAACCTGTATTACATCATAATTAAAGTATGCAG 


4037 


ACGGAGGAGATCTCTGA 


4038 


TCAGAGATCTCCTCCGT 


4039 


Alzheimer disease 
Ala692Gly 


ATKTATTGCAI 1 1 AGAAAI"! AAAAI ICI 1 1 1 ICI I AAI I TGTTTT 

CAAGGTGTTCTTTGCAGAAGATGTGGGTTCAAACAAAGGTGC 

AATCATTGGACTCATGGTGGGCGGTGTTGTCAT 


4040 



WO 01/73002 



-263- 



PCT/US01/09761 



Clinical Phenotype & 
Mutation 


Correcting QI\ao$\ .' v- 


SEQID 

NO: 




ATGACAACACCGCCCACCATGAGTCCAATGATTGCACCTTTG 
TTTGAACCCACATCTTCTGCAAAGAACACCTTGAAAACAAATT 
AAGAAAAAGAATTTTAATTTCTAAATGCAATATAAT 


4041 


GTTCTTTGCAGAAGATG 


4042 


CATCTTCTGCAAAGAAC 


4043 


Alzhpimpr disease 

Glu693Gln 

GAA-CAA 


TATATTGCAI 1 IAGAAATTAAAAT 1 C 1 1 1 T ICI FAA'I NGlTTTr 
AAGGTGTTCTTTGCAGAAGATGTGGGTTCAAACAAAGGTGCA 
ATCATTGGACTCATGGTGGGCGGTGTTGTCATAG 


A(]AA 
HUH*t 


CTATGACAACACCGCCCACCATGAGTCCAATGATTGCACCTT 
TGTTTGAACCCACATCTTCTGCAAAGAACACCTTGAAAACAAA 
HMGAAAMGAATTTTAATTTCTAAATGCAATATA 


4045 


TCTTTGCAGAAGATGTG 


4046 


CACATCTTCTGCAAAGA 


4047 


Alzheimer disease 

Glu693Gly 

GAA-GGA 


AIAI IGCAI 1 IAGAAAI lAAAAl ICI 1 1 1 ICI IAAI 1 IGI 1 1 ICA 
AGGTGTTCTTTGCAGAAGATGTGGGTTCAAACAAAGGTGCAA 
TCATTGGACTCATGGTGGGCGGTGTTGTCATAGC 


4048 


GCTATGACAACACCGCCCACCATGAGTCCAATGATTGCACCT 
TTGTTTGAACCCACATCTTCTGCAAAGAACACCTTGAAAACAA 
ATTAAGAAAAAGAAI 1 1 1 AATTTCTAAATGCAATAT 


4049 


CTTTGCAGAAGATGTGG 


4050 


CCACATCTTCTGCAAAG 


4051 


Alzheimer disease 

Ala713Thr 

GCG-ACG 


GAAGATGTGGGTTCAAACAAAGGTGCAATCATTGGACTCATG 

GTGGGCGGTGTTGTCATAGCGACAGTGATCGTCATCACCTTG 

GTGATGCTGAAGAAGAAACAGTACACATCCATTCATC 


4052 


GATGAATGGATGTGTACTGTTTCTTCTTCAGCATCACCAAGGT 
GATGACGATCACTGTCGCTATGACAACACCGCCCACCATGAG 
TCCMTGATTGCACCTTTGTTTGAACCCACATCTTC 


4053 


TTGTCATAGCGACAGTG 


4054 


CACTGTCGCTATGACAA 


4055 


Schizoohrenia 

Ala713Val 

GCG-GTG 


MGATGTGGGTTCAMCAMGGTGnMTrATTGGACTPATGG 

TGGGCGGTGTTGTCATAGCGACAGTGATCGTCATCACCTTGG 

TGATGCTGAAGAAGAAACAGTACACATCCATTCATCA 


4D^R 


TGATGAATGGATGTGTACTGTTTCTTCTTCAGCATCACCAAGG 
TGATGACGATCACTGTCGCTATGACAACACCGCCCACCATGA 
GTCCAATGATTGCACCTTTGTTTGAACCCACATCTT 


4057 


TGTCATAGCGACAGTGA 


4058 


TCACTGTCGCTATGACA 


4059 


Alzheimer disease 

Val715Met 

GTG-ATG 


GTGGGTTCAAACAAAGGTGCAATCATTGGACTCATGGTGGGC 
GGTGTTGTCATAGCGACAGTGATCGTCATCACCTTGGTGATG 
CTGAAGAAGAAACAGTACACATCCATTCATCATGGTG 


4060 


CACCATGATGAATGGATGTGTACTGTTTCTTCTTCAGCATCAC 
CAAGGTGATGACGATCACTGTCGCTATGACAACACCGCCCAC 
CATGAGTCCMTGATTGCACCTTTGTTTGAACCCAC 


4061 


TAGCGACAGTGATCGTC 


4062 
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UK 


I GACGATCACTGTCGCTA 


4063 


Alzheimer disease 

He716Val 

ATC-GTC 


ggttcaaacamggtgcaatcattgGactcatggtgggcggt 
gttgtcatagcgacagtgatcgtcatcaccttggtgatgctg 
aagaagaaacagtacacatccattcatcatggtgtgg 


4064 


CCACACCATGATGMTGGATGTGTACTGTTTCTTCTTCAGCAT 
CACCAAGGTGATGACGATCACTGTCGCTATGACAACACCGCC 
CACCATGAGTCCAATGATTGCACCTTTGTTTGAACC 


4065 


CGACAGTGATCGTCATC 


4066 


GATGACGATCACTGTCG 


4067 


Alzheimer disease 

Val717Gly 

GTC-GGC 


CAAACAAAGGTGCAATCATTGGACTCATGGTGGGCGGTGTTG 
TCATAGCGACAGTGATCGICATCACCTTGGTGATGCTGAAGA 
AGAAACAGTACACATCCATTCATCATGGTGTGGTGGA 


4068 


TCCACCACACCATGATGMTGGATGTGTACTGTTTCTTCTTCA 
GCATCACCAAGGTGATGACGATCACTGTCGCTATGACAACAC 
CGCCCACCATGAGTCCAATGATTGCACCTTTGTTTG 


4069 


AGTGATCGTCATCACCT 


4070 


AGGTGATGACGATCACT 


4071 


Alzheimer disease 

Val717lle 

GTC-ATC 


TCAAACAAAGGTGCAATCATTGGACTCATGGTGGGCGGTGTT 
GTCATAGCGACAGTGATCGTCATCACCTTGGTGATGCTGAAG 
AAGAAACAGTACACATCCATTCATCATGGTGTGGTGG 


4072 


CCACCACACCATGATGAATGGATGTGTACTGTTTCTTCTTCAG 
CATCACCAAGGTGATGACGATCACTGTCGCTATGACAACACC 
GCCCACCATGAGTCCAATGATTGCACCTTTGTTTGA 


4073 


CAGTGATCGTCATCACC 


4074 


GGTGATGACGATCACTG 


4075 


Alzheimer disease 

Val717Phe 

GTC-TTC 


TCAAACAAAGGTGCAATCATTGGACTCATGGTGGGcGGtGTT 
GTCATAGCGACAGTGATCGTCATCACCTTGGTGATGCTGAAG 
AAGAAACAGTACACATCCATTCATCATGGTGTGGTGG 


4076 


CCACCACACCATGATGAATGGATGTGTACTGTTTCTTCTTCAG 
CATCACCAAGGTGATGACGATCACTGTCGCTATGACAACACC 
GCCCACCATGAGTCCAATGATTGCACCTTTGTTTGA 


4077 


CAGTGATCGTCATCACC 


4078 


GGTGATGACGATCACTG 


4079 


Alzheimer disease 

Leu723Pro 

CTG-CCG 


TTGGACTCATGGTGGGCGGTGTTGTCATAGCGACAGTGATCG 
TCATCACCTTGGTGATGCTGAAGAAGAAACAGTACACATCCAT 
TCATCATGGTGTGGTGGAGGTAGGTAAACTTGACTG 




CAGTCAAG n TACCTACCTCCACCACACCATGATGAATGGAT 

GTGTACTGTTTCTTCTTCAGCATCACCAAGGTGATGACGATCA 

CTGTCGCTATGACAACACCGCCCACCATGAGTCCAA 


4081 


GGTGATGCTGAAGAAGA 


4082 


TCTTCTTCAGCATCACC 


4083 
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EXAMPLE 24 
Alzheimer's Disease » presenilin-1 ffiSENI) 

The attached table discloses the correcting oligonucleotide base sequences for the 
PSEN1 oligonucleotides of the invention. 



Table 31 

PSEN1 Mutations and Genome-Correcting Ofig os 



GKnitsal Phenotvbfe & 


■ • 

Correcting Oiigos 

- - • . 


cjcw iu 
NO: 


Alzheimer disease 

Ala79Val 

GCC-GTC 


CCCGGCAGGTGGTGGAGCAAGATGAGGAAGAAGATGAGGAG 

PTO AP ATTO A A ATATOOPOPP A APP ATPTP ATP ATPPTPTTTY* 
O I oAOA 1 1 w\AA I A I ooOoUOAAouA ! 1 bn 1 OA 1 oo 1 U 1 1 1 

TCCCTGTGACTCTCTGCATGGTGGTGGTCGTGGCTAC 


4084 


GTAGCCACGACCACCACCATGCAGAGAGTCACAGGGACAAA 

O A OP ATO ATP A P ATOPTTO flPOPP ATA (MP A ATOTP A POTf^ 
vPAVaOA 1 oA 1 OAwA 1 oL» 1 1 oajuoUOA 1 A 1 1 1 LrAA 1 o 1 UAoU 1 U 

PTPATPTTPTTPPTPATPTTOPTPPAPPAPPTOPPOOO 


4085 


ATATGGCGCCAAGCATG 


HUOO 


CATGCTTGGCGCCATAT 


4087 


Alzheimer disease 

Val82Leu 

tGTG-CTG 


GTGGTGGAGCAAGATGAGGAAGAAGATGAGGAGCtGACATT 

O A A AT ATOCPOPP A A OP ATfJTO ATP ATOPTPTTTOTPPPTr'T 

GACTCTCTGCATGGTGGTGGTCGTGGCTACCATTAAGT 


4088 


ACTTAATGGTAGCCACGACCACCACCATGCAGAGAGTCACAG 

OOAPA A AOAOPATOATPAPATOPTTOOPPPPATATTT/^A ATf* 
OOnUnMMbnbUn 1 UA 1 OAUA f bU 1 1 oCjUvjOOA IAIN OAA 1 0 

TP AftPTPPTP ATPTTPTTPPTP ATPTTO CJCC^CC A P 

I UnO^ 1 L/O 1 V/A IUI 1 O 1 1 1 Irrt loll VjU 1 bunbbnb 


4089 


CCAAGCAT6TGATCATG 


Anon 


CATGATCACATGCTTGG 


4091 


Alzheimer disease 

Val96Phe 

gGTC-TTC 


AAATATGGCGCCAAGCATGTGATCATGCTCTTTGTCCCTGTG 
ACTCTCTGCATGGTGGTGGTCGTGGCTACCATTAAGTCAGTC 
AGCI 1 1 1 ATACCCGGAAGGATGGGCAGCTGTACGTAT 


4092 


ATACGTACAGCTGCCCATCCTTCCGGGTATAAAAGCTGACTG 
ACTTAATGGTAGCCACGACCACCACCATGCAGAGAGTCACAG 
GGACAAAGAGCATGATCACATGCTTGGCGCCATATTT 


4093 


TGGTGGTGGTCGTGGCT 


4094 


AGCCACGACCACCACCA 


4095 


Alzheimer disease 

Phe105Leu 

TTTt-TTG 


"ctttgtScctgtgactctctgcatggtggtggtcgtggctac 
cattaagtcagtcagctntatacccggaaggatgggcagct 
gtacgtatgagttttgttttattattctcaaagccag 


4096 . 


CTGGCTTTGAGAATAATAAAACAAAACTCATACGTACAGCTGC 
CCATCCTTCCGGGTATAAAAGCTGACTGACTTAATGGTAGCC 
ACGACCACCACCATGCAGAGAGTCACAGGGACAAAG 


4097 


GTCAGCTTTTATACCCG 


4098 


HRfiGfrATAAAAGfiTGAfi 


4099 
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CMea! Phe'ritiyfe & 
, Mutation 


| . . Correcting Oligos 


SEQfD 

NO: 


Alzheimer disease 

Thr116Asn 

ACC-AAC 


IGGTGATCTCGAI I AAGACTGAGG I AGGGG 1 1 1 I'GTGTTTGTT 
TTATTGTAGAATCTATACCCCATTCACAGAAGATACCGAGACT 
GTGGGCCAGAGAGCCCTGCACTCAATTCTGAATGC 


4100 


GUAl I UAGAArTGAGTGCAGGGCTCTCTGGCCCACAGTCTCG 

GTATCTTCTGTGAATGGGGTATAGATTCTACAATAAAACAAAC 

ACAAAAGCCCTAGGTCAGTGTTAATGGAGATCACCA 


4101 


AATCTATACCCCATTCA 


4102 


tgaatggggtatagatt 


4103 


Alzheimer disease 

Pro117Leu 

CCA-CTA 


TGATCTCCATTMCACTGACCTAGGGCTTTTGTGTTTGTTTTAT 

TGTAGAATCTATACCCCATTCACAGAAGATACCGAGACTGTG 

GGCCAGAGAGCCCTGCACTCAATTCTGAATGCTGC 


4104 


GUAGUAl I GAGAATTGAGTGCAGGGCTCTCTGGCCCACAGTC 

TCGGTATCTTCTGTGAATGGGGTATAGATTCTACAATAAAACA 

AACACAAAAGCCCTAGGTCAGTGTTAATGGAGATCA 


4105 


CTATACCCCATTCACAG 


4106 


CTGTGAATG.GGGTATAG 


4107 


Aizneimer disease 

Glu120Asp 

GAAg-GAT 


TAACACTGAuo I AbtiGt; I IIIGIGIIIGIM IAITGTAGaATCT 
ATACCCCATTCACAGAAGATACCGAGACTGTGGGCCAGAGAG 
CCCTGCACTCAATTCTGAATGCTGCCATCATGATC 


4108 


GATCATGATGGCAGCATTCAGAATTGAGTGCAGGGCTCTCTG 
GCCCACAGTCTCGGTATCTTCTGTGAATGGGGTATAGATTCT 
ACAATAAAACAAACACAAAAGCCCTAGGT CAGTGTTA 


4109 


TTCACAGAAGATACCGA 


4110 


TCGGTATCTTCTGTGAA 


4111 I 


Alzheimer disease 

Glu120Asp 

GAAg-GAC 


IAACACTGACCI AGGGG 1 1 1 IGIGI 1 1 Gi ITTATTGTAGAATCT 
ATACCCCATTCACAGAAGATACCGAGACTGTGGGCCAGAGAG 
CCCTGCACTCAATTCTGAATGCTGCCATCATGATC 


-mr~ 


GATCATGATGGCAGCATTCAGAATTGAGTGCAGGGCTCTCTG 
GCCCACAGTCTCGGTATCTTCTGTGAATGGGGTATAGATTCT 
ACAATAAAACAAACACAAAAGCCCTAGGTCAGTGTTA 


4113 


TTCACAGAAGATACCGA 


4114 


TCGGTATCTTCTGTGAA 


4115 


/Mzneimer oiS68S6 

Glu120Lys 

aGAA-AAA 


ATTMCACTGACCTAGGGCTTTTGTGTTTGTTTTATTGTAGAAT 
CTATACCCCATTCACAGAAGATACCGAGACTGTGGGCCAGAG 
AGCCCTGCACTCAATTCTGAATGCTGCCATCATGA 


4116 


i i laA i Vjol-Aov^A 1 1 OAGAATTGAGTGCAGGGCTCTCTGGC 
CCACAGTCTCGGTATCTTCTGTGAATGGGGTATAGATTCTACA 
ATAAAACAAACACAAAAGCCCTAGGTCAGTGTTAAT 


4117 




CATTCACAGAAGATACC 


4118 




GGTATCTTCTGTGAATG 


4119 


Alzheimer disease 

Glu123Lys 

nGAG-AAR 


GAGGI AGGGG 1 IIIGIGIIIGII II ATTGTAGAATCTATACCC 
CATTCACAGAAGATACCfiAGACTGTGGGCCAGAGAGCCCTG 
CACTCAATTCTGAATGCTGCCATCATGATCAGTGTCA 


4120 
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Correcting Qligos 

■■■'■> ■ ;-,>■■ 


SEQ ID 




TGACACTGATCATGATGGCAGCATTCAGAATTGAGTGCAGGG 
CTCTCTGGCCCACAGTCTCGGTATCTTCTGTGAATGGGGTAT 
AGATTCTACAATAAAACAMCACAAAAGCCCTAGGTC 


4121 


AAGATACCGAGACTGTG 


4122 


CACAGTCTCGGTATCTT 


4123 


Alzheimer disease 

Asn135Asp 

gAAT-GAT 


TATACCCCATTCACAGAAGATACCGAGACTGTGGGCCAGAGA 
GCCCTGCACTCAATTCTGAATGCTGCCATCATGATCAGTGTC 
ATTGTTGTCATGACTATCCTCCTGGTGGTTCTGTATA 


4124 


TATACAGAACCACCAGGAGGATAGTCATGACAACAATGACAC 
TGATCATGATGGCAGCATTCAGAATTGAGTGCAGGGCTCTCT 
GGCCCACAGTCTCGGTATCTTCTGTGAATGGGGTATA 


4125 


CAATTCTGAATGCTGCC 


4126 


GGCAGCATTCAGAATTG 


4127 


Alzheimer disease 

Met139lle 

ATGa-ATA 


AGAAGATACCGAGACTGTGGGCCAGAGAGCCCTGCACTCAA 
TTCTGAATGCTGCCATCATGATCAGTGTCATTGTTGTCATGAC 
TATCCTCCTGGTGGTTCTGTATAMTACAGGTGCTAT 


4128 


ATAGCACCTGTATTTATACAGAACCACCAGGAGGATAGTCATG 
ACAACAATGACACTGATCATGATGGCAGCATTCAGAATTGAGT 
GCAGGGCTCTCTGGCCCACAGTCTCGGTATCTTCT 


4129 


GCCATCATGATCAGTGT 


4130 


ACACTGATCATGATGGC 


4131 


Alzheimer disease 

Met139Lys 

ATG-AAG 


CAGAAGATACCGAGACTGTGGGCCAGAGAGCCCTGCACTCA 
ATTCTGAATGCTGCCATCATGATCAGTGTCATTGTTGTCATGA 
CTATCCTCCTGGTGGTTCTGTATAAATACAGGTGCTA 


4132 


TAGCACCTGTATTTATACAGAACCACCAGGAGGATAGTCATGA 

CMCAATGACACTGATCATGATGGCAGCATTCAGAATTGAGT 

GCAGGGCTCTCTGGCCCACAGTCTCGGTATCTTCTG 


4133 


TGCCATCATGATCAGTG 


4134 


CACTGATCATGATGGCA 


4135 


Alzheimer disease 

Met139Thr 

ATG-ACG 


CAGAAGATACCGAGACTGTGGGCCAGAGAGCCCTGCACTCA 
ATTCTGAATGCTGCCATCATGATCAGTGTCA7TGTTGTCATGA 
CTATCCTCCTGGTGGTTCTGTATAAATACAGGTGCTA 


4136 


TAGCACCTGTATTTATACAGAACCACCAGGAGGATAGTCATGA 

CAACAATGACACTGATCATGATGGCAGCATTCAGAATTGAGT 

GCAGGGCTCTCTGGCCCACAGTCTCGGTATCTTCTG 


4137 


TGCCATCATGATCAGTG 


4138 


CACTGATCATGATGGCA 


4139 


Alzheimer disease 

Met139Val 

cATG-GTG 


ACAGAAGATACCGAGACTGTGGGCCAGAGAGCCCTGCACTC 
MTTCTGAATGCTGCCATCATGATCAGTGTCATTGTTGTCATG 
ACTATCCTCCTGGTGGTTCTGTATAAATACAGGTGCT 


4140 


AnOACCTGTATTTATACAGAACCACCAGGAGGATAGTCATGA 
CAACAATGACACTGATCATGATGGCAGCATTCAGAATTGAGT 
GCAGGGCTCTCTGGCCCACAGTCTCGGTATCTTCTGT 


4141 


CTGCCATCATGATCAGT 


4142 
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SEQ1D 

NO: 


1 ACTGATCATGATGGCAG 


4143 


Alzheimer disease 

He143Phe 

cATT-TTT 


UAGACTGTGGGCCAGAGAGCCCTGCACTCAATTCTGAATGCT" 
GCCATCATGATCAGTGTCATTGTTGTCATGACTATCCTCCTGG 

T/^^TTrTr^TATA A ATAf^A^TOPTATA /i r*rvrr> a r\r\ a 

i Kjyj \ 1 0 1 {j I A I AAA1 ALrAbGTGCTATAAGGTGAGCA 


4144 


i i uacu 1 1 A l AbUAUU I b I A 1 1 1 A 1 ACAGAACCACCAGGAG 
VjA I AbTOATGACAACAATGACACTGATCATGATGGCAGCATTC 
AGAATTGAGTGCAGGGCTCTCTGGCCCACAGTCTC 


4145 


TCAGTGTCATTGTTGTC 


4146 


V5MUr\AL»/v\ioAUAl/ 1 bA 


4147 


Alzheimer disease 

lle143Thr 

ATT-ACT 


AGACTGTGGGCCAGAGAGCCC rGCACTCAATTCTGAATGCTG" 
CCATCATGATCAGTGTCATTGTTGTCATGACTATCCTCCTGGT 
oo 1 lUlblAI AAA 1 At/Abb 1 bLTATAAGGTGAGCAT 


4148 


Aiol/l UALO 1 1 A 1 AtauACOTGIAl 1 1 ATACAGAACCACCAGGA 
GGATAGTCATGACAACAATGACACTGATCATGATGGCAGCAT 
TCAGAATTGAGTGCAGGGCTCTCTGGCCCACAGTCT 


4149 


CAGTGTCAJTG7TGTCA 


4150 


TGACAACAATGACACTG 


4151 


Alzheimer disease 

Met146lle 

ATGa-ATA 


CCAGAGAGCCCTGCACTCAATTCTGAATGCTGCCATCATGAT 
CAGTGTCATTGTTGTCATGACTATCCTCCTGGTGGTTCTGTAT 
AAATACAGGTGCTATAAGGTGAGCATGAGACACAGA 


4152 


TCTGTGTCTCATGCTCACCTTATAGCACCTGTATTTATACAGA 
ACCACCAGGAGGATAGTCATGACAACAATGACACTGATCATG 
ATGGCAGCATTCAGAATTGAGTGCAGGGCTCTCTGG 


4153 


GTTGTCATGACTATCCT 


4154 


AGGATAGTCATGACAAC * 4155 


Alzheimer disease i 

Met146lle 

ATGa-ATC 


CCAGAGAGCCCTGCACTCAATTCTGAATGCTGCCATCATGAt 
CAGTGTCATTGTTGTCATGACTATCCTCCTGGTGGTTCTGTAT 
AAATACAGGTGCTATAAGGTGAGCATGAGACACAGA 


4156 


TCTGTGTCTCATGCTCACCTTATAGCACCTGTATTTATACAGA 
ACCACCAGGAGGATAGTCATGACAACAATGACACTGATCATG 
ATGGCAGCATTCAGAATTGAGTGCAGGGCTCTCTGG 


4157 


GTTGTCATG_ACTATCCT 


4158 


AGGATAGTCATGACAAC 


4159 


Alzheimer disease 

Met146Leu 

cATG-TTG 


GGCCAGAGAGUCUTGCACTCAATTCTGAATGCTGCCATCATG 
ATCAGTGTCATTGTTGTCATGACTATCCTCCTGGTGGTTCTGT 
ATAAATACAGGTGCTATAAGGTGAGCATGAGACACA 


4160 


TGTGTCTCATGCTCACCTTATAGCACCTGTATTTATACAGAAC 
CACCAGGAGGATAGTCAIGACMCAATGACACTGATCATGAT 
GGCAGCATTCAGAATTGAGTGCAGGGCTCTCTGGCC 


4161 


TTGTTGTCATGACTATC 


4162 


GATAGTCATGACAACAA 


4163 


Alzheimer disease 

Met146Val 

cATG-GTG 


GGCCAGAGAGCCCTGCACTCAATTCTGMTGCTGCCATCATG 
ATCAGTGTCATTGTTGTCATGACTATCCTCCTGGTGGTTCTGT 
ATAAATACAGGTGCTATAAGGTGAGCATGAGACACA 


4164 
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TGTGTCTCATGCTCACCTTATAGCACCTGTATTTATACAGAAC 
CACCAGGAGGATAGTCATGACAACAATGACACTGATCATGAT 
GGCAGCATTCAGAATTGAGTGCAGGGCTCTCTGGCC 


4165 


TTGTTGTCATGACTATC 


4166 


GATAGTCATGACAACAA J 


4167 


Alzheimer disease 

Thr147lle 

ACT-ATT 


AGAGAGCCCTGCACTCAATTCTGAATGCTGCCATCATGATCA 
GTGTCATTGTTGTCATGACTATCCTCCTGGTGGTTCTGTATAA 
ATACAGGTGCTATAAGGTGAGCATGAGACACAGATC 


4168 


GATCTGTGTCTCATGCTCACCTTATAGCACCTGTATTTATACA 
GAACCACCAGGAGGATAGTCATGACAACAATGACACTGATCA 
TGATGGCAGCATTCAGAATTGAGTGCAGGGCTCTCT 


4169 


TGTCATGACTATCCTCC 


4170 


GGAGGATAGTCATGACA 


4171 


Alzheimer disease 

His163Arg 

CAT-CGT 


C 1 1 1 1 rMGGGTTGTGGGACCTGnMnATAnGAMTGCtTt" 
CTTTTCTAGGTCATCCATGCCTGGCTTATTATATCATCTCTATT 
GTTGCTGTTCI 1 1 1 1 1 1 CATTCATTTACTTGGG 


41 72 


CCCAAGTAAATGAATGAAAAAAAGAACAGCAACAATAGAGATG 
ATATAATAAGCCAGGCATGGATGACCTAGAAAAGAAAGCATTT 
CAATATAATTAACAGGTCCCACAACCCTTAAAMG 


4173 


GGTCATCCATGCCTGGC 


4174 


GCCAGGCATGGATGACC 


4175 


Alzheimer disease 

His163Tyr 

cCAT-TAT 


ACTTrTTAAGGGTTGTGGGACCTGTTAATTATATTGAAATGCTT 
TCTTTTCTAGGTCATCCATGCCTGGCTTATTATATCATCTCTAT 
TGTTGCTG 1 ICI 1 1 1 1 1 1 CATTCA7TTAC7TGG 


4176 


CCAAGTAAATGAATGAAAAAAAGAACAGCAACAATAGAGATGA 
TATAATAAGCCAGGCATGGATGACCTAGAAAAGAAAGCATTTC 
AATATAATTAACAGGTCCCACAACCCTTAAAAAGT 


4177 


AGGTCATCCATGCCTGG 


4178 


CCAGGCATGGATGACCT 


4179 


Alzheimer disease 

Trp165Cys 

TGGc-TGC 


AGGGTTGTGGGACCTGTTAATTATATTGAAATGCTTTCTTTTCT 
AGGTCATCCATGCCTGGCTTATTATATCATCTCTATTGTTGCT 
GTTCI 1 1 1 1 1 1 CATTCATTTACTTGGGGTAAGTT 


4180 


AACTTACCCCAAGTAAATGAATGAAAAAAAGAACAGCAACAAT 
AGAGATGATATAATAAGCCAGGCATGGATGACCTAGAAAAGA 
AAGCATTTCAATATAATTAACAGGTCCCACAACCCT 


4181 


CATGCCTGGCTTATTAT 


4182 


ATAATAAGCCAGGCATG 


4183 


Alzheimer disease 

Ser169Leu 

TCA-TTA 


ACCTGTTAATTATATTGAAATGC 1 1 ICI 1 1 ICIAGGTCATCCAT 

gcctggcttattatatcatctctattgttgctgttci 1 1 1 1 1 ic 
attcatttacttggggtaagttgtgaaattttt 


4184 


AAAAATTTCACAACTTACCCCAAGTAAATGAATGAAAAAAAGAA 

CAGCAACAATAGAGATGATATAATAAGCCAGGCATbGATGAC 

CTAGAAAAGAAAGCATTTCAATATAATTAACAGGT 


4185 


TATTATATCATCTCTAT 


4186 
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ATAGAGATGATATAATA 


4187 


Alzheimer disease 

Leu171Pro 

CTA-CCA 


TMnATAnGAAATGCTTTCTTTTCTAGGTCATCCATGCCTGG 
CTTATTATATCATCTCTATTGnGCTGTTCTTTTTTTCATTCATT 
TACnGGGGTMGTTGTGAAATTTTTGGTCTG 


4188 


CAGACCAAAAATTTCACAACTTACCCCAAGTAAATGAATGAAA 
AAAAGAACAGCAACAATAGAGATGATATAATAAGCCAGGCAT 
bGATGACCTAGAAAAGAAAGCATTTCAATATAATTA 


4189 


AIUAIUIUIAI lol 1 CiU 


4190 


GCAACAATAGAGATGAT 


4191 


Alzheimer disease 

Leu173Trp 

TTG-TGG 


TATTGAAATGCI 1 ICI 1 MCIAGGTCATCCATGCCTGGCTTATT 
ATATCATCTCTAnGTTGCTGTTCTTTTTTTCATTCATTTACTTG 
GGGTAAGTTGTGAAAI 1 1 1 IGGTCTGTCTTTC 


4192 


GAAAGACAGACCAAAAATTTCACAACTTACCCCAAGTAAATGA 
ATGAAAAAMGAACAGCAACAATAGAGATGATATAATMGCCA 
GGCATGGATGACCTAGAAAAGAAAGCATTTCMTA 


4193 


TCTATTGTTGCTGTTCT 


4194 


AGAACAGCAACAATAGA 


4195 


Alzheimer disease 

Gly209Arg 

gGGA-AGA 


TATAAnftTTftPTTTTT^ftAPTAPA 1 IAPTPI f Y V* A PTPPTP A x 
i rv i nttuvj i i 1 o 1 ooftu I MOM 1 1 AO 1 Vj 1 1 oO AO 1 00 1 oA \ OT 

GGMTTTTGGTGTGGTGGGAATGATTTCCATTCACTGGAAAG 
GTCCACTTCGACTCCAGCAGGCATATCTCATTATGA 


A A f\f* 

4196 


TOATA ATft AftATATft PPTT^PTY^ aptpp a a nTnn a mTTp/^o 
1 \-»rv 1 W\ 1 V3MV3M 1 f\ 1 OOU 1 V3w l vjoMVj i OoAAvj 1 (joAOO 1 1 100 

AGTGAATGGAAATnATTPPPAPPAP A PP a a a attpp a p ato a n 
GAGTGCMCAGTMTGTAGTCCACAGCAAPGTTATA 


A A A"» 

4197 


GTGTGGTGGGAATGATT 


4198 


AATCATTCCCACCACAC 


4199 


Aizneirner disease 

Gly209Val 

GGA-GTA 


ATAACGTTGCTftTRRArTAPATTArTriTTrPArTrrT^ATrT^ 
#-i i rv-i\j\j i i vjv_< i o i ovaAU I nun 1 1 MO loll oUALi 1 L>L> 1 uA 1 U 1 o 

GAAI 1 1 1 GGTGTGGTGGGAATGATTTCCATTCACTGGAAAGGT 
CCACTTCGACTCCAGCAGGCATATCTCATTATGAT 


4200 


ATCATAATGAGATATGnnTGrTRnA(^Trf5AAr^T^aArrTTTr 

CAGTGAATGGAAATCATTCCCACnArArPAAAATTPrAnATrA 

GGAGTGCAACAGTAATGTAGTCCACAGCAACGTTAT 


4201 


TGTGGTGGGAATGATTT 


4202 


AAATCATTCCCACCACA 


4203 


Mi^iiciiner uiseasc 

He213Thr 

ATT-ACT 


TGGACTACATTACTGTTGCACTCCTGATCTGGAATTTTGGTGT" 

GGTGGGAATGATTTCCATTCACTGGAAAGGTCCACTTCGACT 

CCAGCAGGCATATCTCATTATGATTAGTGCCCTCAT 


A9f!A 


ATGAGGGCACTAATCATAATGAGATATGCCTGCTGGAGTCGA 
AGTGGACCTTTCCAGTGAATGGAAATCATTCCCACCACACCA 
AAATTCCAGATCAGGAGTGCAACAGTAATGTAGTCCA 


4205 




GATTTCCATTCACTGGA 


4206 




TCCAGTGAATGGAAATC 


4207 


Alzheimer disease 

Leu219Pro 

CH-CCT 


CACTCCTGATC 1 GGAA 1 1 1 1 GGTGTGGTGGGAATGATTTCCAT 

TCACTGGAAAGGTCCACTTCGACTCCAGCAGGCATATCTCAT 

TATGATTAGTGCCCTCATGGCCCTGGTGTTTATCAA 


4208 
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TTGATAAACACCAGGGCCATGAGGGCACTAATCATAATGAGA 
TATGCCTGCTGGAGTCGAAGTGGACCTTTCCAGTGAATGGAA 
ATCATTCCCACCACACCAAAATTCCAGATCAGGAGTG 


4209 


AGGTCCACTTCGACTCC 


4210 


GGAGTCGAAGTGGACCT 




Alzheimer disease 

Ala231Thr 

tGCC-ACC 


ATTTCCATTCACTGGAMGGTCCACTTCGACTCCAGCAGGCA 
TATCTCATTATGATTAGTGCCCTCATGGCCCTGGTGTTTATCA 
AGTACCTCCCTGAATGGACTGCGTGGCTCATCTTGG 


4212 


CCAAGATGAGCCACGCAGTCCATTCAGGGAGGTACTTGATAA 
ACACCAGGGCCATGAGGGCACTAATCATAATGAGATATGCCT 
GCTGGAGTCGAAGTGGACCTTTCCAGTGAATGGAAAT 


4213 


TGATTAGT6CCCTCATG 


4214 


CATGAGGGCACTAATCA 


4215 


Alzheimer disease 

Ala231Val 

GCC-GTC 


1 1 ICCAI ICACTGGAMGGTCCACTTCGACTCCAGCAGGCAT 
ATCTCATTATGATTAGTGCCCTCATGGCCCTGGTGTTTATCAA 
GTACCTCCCTGAATGGACTGCGTGGCTCATCTTGGC 


4216 


GCCAAGATGAGCCACGCAGTCCATTCAGGGAGGTACTTGATA 
AACACCAGGGCCATGAGGGCACTAATCATAATGAGATATGCC 
TGCTGGAGTCGAAGTGGACCTTTCCAGTGAATGGAAA 


4217 


GATTAGTGCCCTCATGG 


4218 


CCATGAGGGCACTAATC 


4219 


Alzheimer disease 

Met233Thr 

ATG-ACG 


TTCACTGGAAAGGTCCACTTCGAOT'nCARrARGrAtATrTrA 
TTATGATTAGTGCCCTCATGGCCCTGGTGTTTATCAAGTACCT 
CCCTGAATGGACTGCGTGGCTCATCTTGGCTGTGAT 




ATCACAGCCAAGATGAGCCACGCAGTCCATTCAGGGAGGTAC 

TTGATAAACACCAGGGCCATGAGGGCACTAATCATAATGAGA 

TATGCCTGCTGGAGTCGAAGTGGACCTTTCCAGTGAA 


4221 


TGCCCTCATGGCCCTGG 1 


4222 


CCAGGGCCATGAGGGCA 


4223 


Alzheimer disease 

Leu235Pro 

CTG-CCG 


GGAAAGGTCCACTTCGACTCCAGCAGGCATATCTCATTATGA 
TTAGTGCCCTCATGGCCCTGGTGTTTATCAAGTACCTCCCTG 
AATGGACTGCGTGGCTCATCTTGGCTGTGATTTCAGT 


4224 


ACTGAAATCACAGCCAAGATGAGCCACGCAGTCCATTCAGGG 
AGGTACTTGATAAACACCAGGGCCATGAGGGCACTAATCATA 
ATGAGATATGCCTGCTGGAGTCGAAGTGGACCTTTCC 


4225 


CATGGCCCIGGTGTTTA 


4226 


TAAACACCAGGGCCATG ^ 


4227 


Alzheimer disease 

Ala246Glu 

GCG-GAG 


TCATTATGATTAGTGCCCTCATGGCCCTGGTG 1 1 IAICAAGTA 
CCTCCCTGAATGGACTGCGTGGCTCATCTTGGCTGTGATTTC 
AGTATATGGTAAAACCCAAGACTGATAATTTGTTTG 


4228 


CAAACAAATTATCAGTCTTGGGTTTTACCATATACTGAAATCAC 
AGCCAAGATGAGCCACGCAGTCCATTCAGGGAGGTACTTGAT 
AAACACCAGGGCCATGAGGGCACTAATCATAATGA 


4229 


ATGGACTGCGTGGCTCA 


4230 
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Alzheimer disease 

Leu250Ser 

TTG-TCG 


GTGLCC 1 CA 1 GGCCCTGGTGTTI A 1 CAAG 1 ACCTCCCTGAAT 
GGACTGCGTGGCTCATCTTGGCTGTGATTTCAGTATATGGTA 
AAACCCAAGACTGATAATTTGTTTGTCACAGGAATGC 


4232 


GCATTCCTGTGACAAACAAATTATCAGTCTTGGGTnTACCAT 
ATACTGAAATCACAGCCAAGATGAGCCACGCAGTCCATTCAG 
GGAGGTACTTGATAAACACCAGGGCCATGAGGGCAC 


4233 


GCTCATCTTGGCTGTGA 
TCACAGCCAAGATGAGC 


4234 


Alzheimer disease 

Ala260Val 

GCT-GTT 


AGmAGCCCATACATmAnAGATGTCTTnATGTTTTTCTTT 
nCTAGATTTAGTGGCTGTTnGTGTCCGAAAGGTCCACTTCG 
TATGCTGGTTGAAACAGCTCAGGAGAGAAATGA 


4235 
4236 


TCATTTCTCTCCTGAGCTGTTTCAACCAGCATACGAAGTGGAC 
CTTTCGGACACAAAACAGCCACTAAATCTAGAAAAAGAAAAAC 
ATAAAAGACATCTAATAAAATGTATGGGCTAAACT 


4237 


TTTAGTGGCTGTTTTGT 
ACAAAACAGCCACTAAA 


4238 
4239 


Alzheimer disease 

Leu262Phe 

TTGt-TTC 


ixa,aiauai 1 1 IAI IAGAIGICI 1 1 IAIGI 1 1 1 rCTTTTTCTAGA 

TTTAGTGGCTGTTTTGTGTCCGAAAGGTCCACTTCGTATGCTG 
GTTGAAACAGCTCAGGAGAGAAATGAAACGCTT 


4240 


AAGCGi 1 iCAl 1 ICICTCCTGAGCTGTTTCAACCAGCATACRA 
AGTGGACC7TTCGGACACAAAACAGCCACTAAATCTAGAAAAA 
GAAAAACATAAAAGACATCTAATAAAATGTATGGG 




GCTGTTTTGTGTCCGAA 
1 1 CGGACACAAAACAGC 


4242 
4243 


Alzheimer disease 

Cys263Arg 

gTGT-CGT 


CCAlACAl 1 1 IAI IAGAIGICI 1 1 IAIGI I I rTCTTTTTCTAG"AT 

TTAGTGGCTGTTTTGIGTCCGAAAGGTCCACTTCGTATGCTG 

GTTGAAACAGCTCAGGAGAGAAATGAAACGCnT 


4244 


AAAGCGTTTCATTTCTCTCCTGAGCTGTTTCAACCAGCATACG 

AAGTGGACCTTTCGGACACAAAACAGCCACTAAATCTAGAAA 

AAGAAAAACATAAAAGACATCTAATAAAATGTATGG 


4245 




CTGTTTTGIGTCCGAAA 
TTTCGGAfiAnAAAArAft 


4246 


Alzheimer disease 

Pro264Leu 

CCG-CTG 


ACAl 1 1 IAI 1 AGATGTCTTTTATGTTnTCTTTTTCTAGATTTAG 
TGGCTGTTTTGTGTCCGAAAGGTCCACTTCGTATGCTGGTTG 
AAACAGCTCAGGAGAGAAATGAAACGCTTTTTCC 


4247 
4248 




GGAAAAAGCGTTTCATTrCTCTCCTGAGCTGTTTCAACCAGCA 

TACGAAGTGGACCTTTCGGACACAAAACAGCCACTAAATCTA 

GAAAAAGAAAAACATAAAAGACATCTAATAAAATGT 


4249 




TTTGTGTCCGAAAGGTC 
GACCTTTCGGACACAAA 


4250 


Alzheimer disease 

Arg269Gly 

tCGT-GRT 


blU 1 1 IAIGI 1 1 1 ICI 1 1 1 ICTAGATTTAGTGGCTGTTTTGTG " 

TCCGAAAGGTCCACTTCGTATGCTGGTTGAAACAGCTCAGGA 

GAGAAATGAAACGCTTTTTCCAGCTCTCATTTACT 


4251 
4252 
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AGTAAATGAGAGCTGGAAAAAGCGTTTCATTTCTCTCCTGAGC 

TGTTTCAACCAGCATACGAAGTGGACCTTTCGGACACAAAAC 

AGCCACTAAATCTAGAAAAAGAAAAACATAAAAGAC 


4253 


GTCCACTTCGTATGCTG 


4254 


CAGCATACGAAGTGGAC 


4255 


Alzheimer disease 

Arg269His 

CGT-CAT 


ICI 1 1 IAIGI 1 1 1 ICI 1 1 1 ICIAGAI 1 IAGTGGCTGTHTGTGTC 
CGAAAGGTCCACTTCGTATGCTGGTTGAAACAGCTCAGGAGA 
GAAATGAAACGCTTTTTCCAGCTCTCATTTACTC 




GAGTAAATGAGAGCTGGAAAAAGCGTTTCATTTCTCTCCTGAG 

CTGTTTCAACCAGCATACGAAGTGGACCTTTCGGACACAAAA 

CAGCCACTAAATCTAGAAAAAGAAAAACATAAAAGA 


4257 


TCCACTTCGTATGCTGG 


4258 


CCAGCATACGAAGTGGA 


4259 


Alzheimer disease 

Arg278Thr 

AGA-ACA 


TAGTGGCTGTTTTGTGTCCGAAAGGTCCACTTCGTATGCTGG 
TTGAAACAGCTCAGGAGAGAAATGAAACGCI 1 1 1 ICCAGCTCT 
CATTTACTCCTGTAAGTATTTGAGAATGATATTGAA 


4260 


TTCAATATCATTCTCAAATACTTACAGGAGTAMTGAGAGCTG 
GAAAMGCGTTTCATTTCTCTCCTGAGCTGTTTCAACCAGCAT 
ACGAAGTGGACCTTTCGGACACAAAACAGCCACTA 


4261 


TCAGGAGAGAAATGAAA 


4262 


TTTCATTTCTCTCCTGA 


4263 


Alzheimer disease 

Glu280Ala 

GAA-GCA 


CIGI 1 1 IGlGrCCGAAAGGTCCACTTCGTATGCTGGTTGAAAC 
AGCTCAGGAGAGAMTGAMCGCTTTTTCCAGCTCTCATTTAC 
TCCTGTAAGTATTTGAGAATGATATTGAATTAGTA 


4264 


TACTAATTCAATATCATTCTCAAATACTTACAGGAGTAAATGAG 
AGCTGGAAAMGCGTTTCATTTCTCTCCTGAGCTGTTTCAACC 
AGCATACGAAGTGGACCTTTCGGACACAAAACAG 


4265 


GAGAAATGAAACGCTTT 


4266 


AAAGCGTTICATTTCTC 


4267 


Alzheimer disease 

Glu280Gly 

GAA-GGA 


CIGI 1 1 igtgtccgaaaggtccacttcgtatgctggTtgaaac 
AGCTCAGGAGAGAAATGAAACGCI 1 1 1 1 ccagctctcatttac 
tcctgtaagtatttgagaatgatattgaattagta 


4268 


TACTAAnCAATATCATTCTCAAATACTTACAGGAGTAAATGAG 
AGCTGGAAAMGCGTTrCATTTCTCTCCTGAGCTGTTTCAACC 
AGCATACGAAGTGGACCTTTCGGACACAAAACAG 


4269 


GAGAAATGAAACGCTTT 


4270 


AAAGCGTTTCATTTCTC 


4271 


Alzheimer disease 

Leu282Arg 

CH-CGT 


TGTGTCCGAAAGGTCCACTTCGTATGCTGGTTGAAACAGCTC 
AGGAGAGAAATGAAACGCTTTTTCCAGCTCTCATTTACTCCTG 
TAAGTATTTGAGAATGATATTGAATTAGTAATCAGT 


4272 


ACTGATTACTAATTCAATAT^^TTCTCAAATACTTACAGGAGTA 
AATGAGAGCTGGAAAAAGCGTTTCATTTCTCTCCTGAGCTGTT 
TCAACCAGCATACGAAGTGGACCTTTCGGACACA 


4273 


TGAAACGCTTTTTCCAG 


4274 
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CRn,c ?^ notype& 


' CorrectinaOlklos : 


SEQiD 

; NO: 




CTGGAAAAAGCGT 1 TUA 


4275 


Mizneirncr uiseas6 

Ala285Val 

GCT-GTT 


AA(iU 1 UUAUTTCGTATGCTGGTTGAAACAGCTCAGGAGAGAA 
ATGAMCGCTTTTTCCAGCTCTCATTTACTCCTGTMGTATTTG 
AGAATGATATTGMTTAGTAATCAGTGTAGAATTT 


4276 




AAA 1 1 U 1 AUACJTGATTACTAATTCAATATCATTCTCAAATACTTA 
CAGGAGTAAATGAGAGCTGGAAAAAGCGTTTCATTTCTCTCCT 
GAGCTGTTTCAACCAGCATACGAAGTGGACCTT 


4277 




1 1 1 IUUAGCTCICAI1 1 


4278 





AAATGAGAGCTGGAaAA 


4279 


Alzheimer disease 

Leu286Val 

tCTC-GTC 


GGTCCACTTCGTATGCTGGTTGAAACAGCTCAGGAGAGAAAT 
GAMCGCI 1 1 1 1 CCAGCTCTCATTTACTCCTGTaAGTATTTGA 
GaATGATATTGAATTAGTAATCAGTGTAGAATTTAT 


4280 




a i AAA I IU 1 AUAU rGATTACTAATTCMTATCATTCTCAAATACT 

tacaggagtamtgagagctggaaaaagcgtttcatttctctc 
ctgagctgtttcmccagcatacgaagtggacc 


4281 




TTCCAGClClCAl 1 IAU 


4282 




GTAMTGAGAGCTGGAA 


4283 


Alzheimer disease 

Gly384Ala 

GGA-GCA 


GTGACCMCTTTTTMTATTTGTMCCTnCCTTTTTAGGGGGA 

GTAAAACTTGGATTGGGAGATTTCATnTCTACAGTGTTCTGG 

TTGGTAAAGCCTCAGCAACAGCCAGTGGAGACTG 


4284 




CAGTCTCCACTGGCTGTTGCTGAGGCTTTACCAACCAGMCA 
CTGTAGAAAATGAAATCTCCCAATCCAAGTTTTACTCCCCCTA 
AAAAGGAaAGGTTACAAATATTAAAAAGTTGGTCAC 


4285 




TGGATTGGGAGATTTCA 


4286 




TGAAATCTCCCAATCCA 


4287 


Alzheimer disease 

Ser390lle 

AGT-ATT 


1 1 IGTAACCTTTUCI 1 1 1 IAGGGGGAGIAAAACTTGGATTGGG 

agatttcattttctacagtgttctggttggtaaagcctcagca 
acagccagtggagactggaacacaaccatagcctg 


4288 




caggctatggttgtgttccagtctccactggctgttgctgag 
gctttaccaaccagaacactgtagaaaatgaaatctcccaatc 
caagttttactccccctaaaaaggaaaggttacaaa 


4289 




TTTCTACAGTGTTCTGG 


4290 




ccagaacactgtagaaa 


4291 


Alzheimer disease 

Leu392Va! 

tCTG-GTG 


aacci i icci 1 1 1 1 agggggagtaaaaCttggattgggagatt 
tcattttctacagtgttctggttggtAaagcctcagcaacagc 
cagtggagactggmcacaaccatagcctgtttcg 


4292 




cgaaacaggctatggttgtgttccagtctccactggctgttg 
ctgaggctttaccaaccagaacactgtagaaaatgaaatctcc 
caatccaagtrttactccccctaaaaaggaaaggtt 


4293 




ACAGTGTTCTGGTTGGT 


4294 




ACCMCCAGAACACTGT 


4295 


Alzheimer disease 

Asn405Ser 

MC-AGC 


ATTTCAl 1 1 IUTACAGTGTTCTGGTTGGTAAAGCCTCAGCAAC 
AGCCAGTGGAGACTGGAACACAACCATAGCCTGTTTCGTAGC 
CATATTAATTGTAAGTATACACTAATMGAATGTGT 


4296 
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Clinical Phenotype* 
Mutation : 


i - Correcting Oligos - ' - ; ; 

, , , , - , -/ 


NO: 




ACACATTnTTATTAGTGTATAPTTAnAATTAATATfifirTAr^AA 
ACAGGCTATGGTTGTGTTCCAGTCTCCACTGGCTGTTGCTGA 
GGCTTTACCAACCAGAACACTGTAGAAAATGAAAT 


test 


AGACTGCAAOArAAfTA 




TGGTTGTftTTPPAGTPT 




Alzheimer disease 

Ala409Thr 

aGCC-ACC 


TACAGTGTTCTGGTTGGTAAAGCCTCAGCAACAGCCAGTGGA " 

GACTGGAACACAACCATAGCCTGTTTCGTAGCCATATTAATTG 

TAAGTATACACTAATAAGAATGTGTCAGAGCTCTTA 


A?flH 


TAAftAGrTrTGArArATTPTTATTAGTGTATAPTTAPAATTAAT 
1 nnunUu 1 O 1 V3 AV./AO A 1 1 v/ 1 1 A 1 1 AVO lulnl AW 1 1 AO AA 1 1 Aft 1 

ATGGCTACGAAACAGGCTATGGTTGTGTTCCAGTCTCCACTG 
GCTGTTGCTGAGGCTTTACCAACCAGAACACTGTA 


4ou l 


PAAPPATAGPPTTVnTP 




fi A A A P AftfiPTATftfiTTft 
OnnnU MOOy 1 M 1 OO MO 


houo 


/Mzneirner Disease 

Cys410Tyr 

TGT-TAT 


b 1 b 1 1 U 1 bo 1 1 bb 1 AAAbUU 1 OHbLAAOAbL* w\b 1 boAbAu 1 

GGAACACAACCATAGCCTGTTTCGTAGCCATATTAATTGTAAG 
TATACACTAATAAGAATGTGTCAGAGCTCTTAATGT 


4304 


A P ATTA Aft Aft PTPTft AP AP ATTPTTATT A ftTftTAT A PTT A P A AT 
MvM 1 1 MnOnOU 1 0 1 OnUnun 1 1 O 1 1 M 1 1 MO iOlnl MU 1 1 MwMM 1 

TAATATGGCTACGAAACAGGCTATGGTTGTGTTCCAGTCTCCA 
CTGGCTGTTGCTGAGGCTTTACCAACCAGAACAC 


HOUO 


rATAGPPTftTTTPGTAft 

OA 1 AOOw 1 U III UVJ 1 At? 


4oU0 


CTACGAAACAGGCTATG 


4307 


Alzheimer disease 

Ala426Pro 

tGCC-CCC 


TGTGAATGTGTGTCTTTCCCATCTTCTCCACAGGGTTTGTGCC 
TTACAnATTACTCCTTGCCATTTTCAAGAAAGCATTGCCAGCT 
CTTCCAATCTCCATCACCTTTGGGCTTG 1 1 1 ICT 


4308 


AGAAMCAAGCCCAAAGGTGATGGAGATTGGMGAGCTGGCA 
ATGCTTTCTTGAAAATGGCAAGGAGTAATAATGTAAGGCACAA 
ACCCTGTGGAGAAGATGGGAAAGACACACATTCACA 


4309 


TACTCCTTGCCATTTTC 


4310 


GAAAATGGPAAGGAGTA 

OAAAA 1 OVJV/AAOOAO 1 A 


Alii 
*t0 1 1 


Alzheimer disease 

Pro436Gln 

CCA-CAA 


AGGGTTTGTGCCTTACATTATTACTCCTIGiLlCiAl 1 1 ICAAGAA 

AGCATTGCCAGCTCTTCCAATCTCCATCACCTTTGGGCTTGTT 

TTCTACTTTGCCACAGATTATCTTGTACAGCCTTT 


431 2 


AAARGnTGTAPAAGATAATrTGTGGrAAAGTAGAAAAPAAfir 

AAAVJ\JO 1 Vj 1 AOAAUA 1 AA IvIOl V3\JOAAAO 1 AOAAAAOAA\jO 

CCAAAGGTGATGGAGATTGGAAGAGCTGGCAATGCTTTCTTG 
AAAATGGCAAGGAGTAATAATGTAAGGCACAAACCCT 


HO 10 


AfirTPTTrrAATrTrrA 

AVjw lull uwm 1 w 1 \j\jn 


AHA 
*tO IH 


TGGAGATTGGAAGAGPT 


HO 10 


Alzheimer disease 

Pro436Ser 

tCCA-TCA 


CAGGGI 1 1 G rGCCTTACATTATTACTCCTTGCCA 1 1 1 ICAAGA 

MGCATTGCCAGCTCTTCCAATCTCCATCACCTTTGGGCTTGT 

TTTCTACTTTGCCACAGATTATCTTGTACAGCCTT 


4316 


AAGGCTGTACAAGATAATCTGTGGCAAAGTAGAAAACAAGCC 
CAAAGGTGATGGAGATTGGAAGAGCTGGCAATGCTTTCTTGA 
AAATGGCAAGGAGTAATAATGTAAGGCACAAACCCTG 


4317 


CAGCTCTTCCAATCTCC 


4318 
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■ Cfini 


cai PhenotvD&& 1 


i Xorrectin 9 Olig OS ; >, 


mm 

NO: 


1 GGAGATTGGMGAGCTG 


4319 


EXAMPLE 25 
Alzheimer's Disease • oresenilin-2 (PSEN2) 





The attached table discloses the correcting oligonucleotide base sequences for the 
PSEN2 oligonucleotides of the invention. 



Table 32 

PSEN2 Mutations and Genome-Correcting Qlig os 



Clinical Phenotype& 
. . .. Mutation 


: Correcting Oligos 


FsEQ tD 
| NO: 


Alzheimer disease 

Arg62His 

CGC-CAC 


GATGTGGTTTCCCACAGAGAAGCCAGGAGAACGAGGAGGAC 
GGTGAGGAGGACCCTGACCGCTATGTCTGTAGTGGGGTTCC 
CGGGCGGCCGCCAGGCCTGGAGGAAGAGCTGACCCTCAA 


4320 


1 1 UAiiGGi UAGCI CI rCCTCCAGGCCTGGCGGCCGCCCGGG 
AACCCCACTACAGACATAGCGGTCAGGGTCCTCCTCACCGTC 
CTCCTCGTTCTCCTGGCTTCTCTGTGGGAAACCACATC 


4321 


CCCTGACCGCTATGTCT 


4322 


AGACATAGCGGTCAGGG 


4323 


Alzheimer disease 

Thr122Pro 

cACG-CCG 


UCC 1 CGAGGAGCAGTCAGGGCCGGGAGCATCAGCCCTTTGC" 

CTTCTCCCTCAGCATCTACACGACATTCACTGAGGACACACC 

CTCGGTGGGCCAGCGCCTCCTCAACTCCGTGCTGAACA 


4324 


TGTTCAGCACGGAGTTGAGGAGGCGCTGGCCCACCGAGGGT 
GTGTCCTCAGTGAATGTCGTGTAGATGCTGAGGGAGAAGGCA 
AAGGGCTGATGCTCCCGGCCCTGACTGCTCCTCGAGGC 


4325 


GCATCTACACGACATTC 
GAATGTCGTGTAGATGC 


4326 


Alzheimer disease 

Asn141lle 

AAC-ATC 


ACACGCCATTCACTGAGGACACACCCTCGGTGGGCCAGCGC 
CTCCTCAACTCCGTGCTGAACACCCTCATCATGATCAGCGTC 
ATCGTGGTTATGACCATCTTCTTGGTGGTGCTCTACAA 


4327 
4328 


TTGTAGAGCACCACCAAGAAGATGGTCATAACCACGATGACG 
CTGATCATGATGAGGGTG7TCAGCACGGAGTTGAGGAGGCG 
CTGGCCCACCGAGGGTGTGTCCTCAGTGAATGGCGTGT 


4329 


CGTGCTGAACACCCTCA 


4330 


TGAGGGTGTTCAGCACG 


4331 


Alzheimer disease - 

Met2jalle 

^TGo-ATA 


ccactggaagggccctctggtgCtgcagcaggcctacctcA" 
tcatgatcagtgcgctcatggccctagtgttcatcaagtacct 
cccagagtggtccgcgtgggtcatcctgggcgccatc 


4332 
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• 

Clinical Phenotype& 
' Mutation 


. Correcting Oligos , ' 


S£QfD; 
NO: 




GATGGCGCCCAGGATGACCCACGCGGACCACTCTGGGAGGT 

ACTTGATGAACACTAGGGCCATGAGCGCACTGATCATGATGA 

GGTAGGCCTGCTGCAGCACCAGAGGGCCCTTCCAGTGG 


4333 


GCGCTCATGGCCCTAGT 


4334 


ACTAGGGCCATGAGCGC 


4335 


Alzheimer disease 

Met239Val 

cATG-GTG 


ATCCACTGGAAGGGCCCTCTGGTGCTGCAGCAGGCCTACCT 
CATCATGATCAGTGCGCTCATGGCCCTAGTGTTCATCAAGTA 
CCTCCCAGAGTGGTCCGCGTGGGTCATCCTGGGCGCCA 


4336 


TGGCGCCCAGGATGACCCACGCGGACCACTCTGGGAGGTAC 
TTGATGAACACTAGGGCCATGAGCGCACTGATCATGATGAGG 
TAGGCCTGCTGCAGCACCAGAGGGCCCTTCCAGTGGAT 


4337 


GTGCGCTCAJGGCCCTA 


4338 


TAGGGCCATGAGCGCAC 


4339 



EXAMPLE 26 
Plant Cells 

The oligonucleotides of the invention can also be used to repair or direct a mutagenic 
event in plants and animal cells. Although little information is available on plant mutations amongst 
natural cultivars, the oligonucleotides of the invention can be used to produce "knock ouf mutations by 
modification of specific amino acid codons to produce stop codons (e.g., a CM codon specifying Gin can 
be modified at a specific site to TAA; a AAG codon specifying Lys can be modified to (JAG at a specific 
site; and a CGA codon for Arg can be modified to a UGA codon at a specific site). Such base pair 
changes will terminate the reading frame and produce a defective truncated protein, shortened at the site 
of the stop codon. Alternatively, frameshift additions or deletions can be directed into the genome at a 
specific sequence to interrupt the reading frame and produce a garbled downstream protein. Such stop 
or frameshift mutations can be introduced to determine the effect of knocking out the protein in either plant 
or animal cells. 

All publications and patent applications cited in this specification are herein incorporated 
by reference as if each individual publication or patent application were specifically and individually 
indicated to be incorporated by reference. Although the foregoing invention has been described in some 
detail by way of illustration and example for purposes of clarity of understanding, it will be readily apparent 
to those of ordinary skill in the art in light of the teachings of this invention that certain changes and 
modifications may be made thereto without departing from the spirit or scope of the appended claims. 
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WHAT IS CLAIMED IS: 

1 . An oligonucleotide for targeted alteration® of genetic sequence, comprising a 
single-stranded oligonucleotide having a DNA domain, said DNA domain having at least one mismatch 
with respect to the genetic sequence to be altered, and further comprising chemical modifications within 
the oligonucleotide, said targeted alteration® occurring more frequently than alteration® of the genetic 
sequence by a double-stranded double hairpin chimeric oligonucleotide containing RNA and DNA 
nucleotides. 

2. The oligonucleotide according to claim one that comprises at least one 
phosphorothioate linkage within the oligonucleotide. 

3. The oligonucleotide according to daim one that comprises a 2-O-methyl analog. 

4. The oligonucleotide according to claim one that comprises a locked nucleotide 

analog. 

5.. The oligonucleotide according to claim one that comprises a combination of at 
least two modifications selected from the group of a phosphorothioate linkage, a 2'-0-methyl analog, a 
locked nucleotide analog and a ribonucleotide. 

6. The oligonucleotide according to any one of claims 1 to 5 that comprises at least 
one unmodified ribonucleotide. 

7. The oligonucleotide according to any one of claims 1 to 6, wherein the sequence 
of said oligonucleotide is selected from the group consisting of SEQ ID NOS: 1-4340. 

8. A method of targeted alteration of genetic material, comprising combining the 
target genetic material with an oligonucleotide according to any one of claims 1 to 7 in the presence of 
purified proteins. 



RECTIFIED SHEET (RULE 91) 
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9. A method of targeted alteration of genetic material, comprising administering to a 
cell extract an oligonucleotide of any one of claims 1 to 7. 

1 0. A method of targeted alteration of genetic material, comprising administering to a 
cell an oligonucleotide of any one of claims 1 to 7. 

11. A method of targeted alteration of genetic sequence in a subject comprising 
administering to the subject an oligonucleotide of any one of claims 1 to 7. 

12. A method of targeted alteration of genetic sequence, comprising combining target 
genetic material with an oligonucleotide according to any one of claims 1 to 7, said target genetic material 
being a non-transcribed DNA strand of a duplex DNA. 



10. 



13. The genetic material obtained by any one of the methods of claim 8, 9 or claim 

14. A cell comprising the genetic material of claim 13. 

1 5. A non-human organism comprising the cell according to claim 14. 



16. A pharmaceutical composition comprising the oligonucleotide according to any 
one of claims 1 to 7. 

1 7. A method of targeted chromosomal genomic alteration, comprising administering 
the pharmaceutical composition of claim 16 to a subject 

1 8. A non-human organism produced by the method of claim 1 1 or claim 1 7. 

1 9. A method of optimizing an oligonucleotide for targeted alteration of a genetic 
sequence, which comprises: 

(a) comparing the efficiency of alteration of a targeted genetic sequence by an oligonucleotide of 
any one of claims 1 to 7 with the efficiency of alteration of the same targeted genetic sequence by a 
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second oligonucleotide, said second oligonucleotide selected from the group of (1) an oligonucleotide that 
is fully complementary to the target and lacks the mismatch, (2) a fully modified phosphorothioiated 
oligonucleotide, (3) a fully modified 2-O-methylated oligonucleotide and (4) a chimeric double-stranded 
double hairpin containing RNA and DNA nucleotides. 

20. The method of claim 19 in which the alteration is produced in a cell extract 

21 . The method of claim 20 in which the cell extract is selected from the group of a 
fungal cell extract a plant cell extract a rodent cell extract a primate cell extract and a human cell extract 

22. The method of claim 1 9 in which the alteration is produced in a cell. 

23. The method of claim 21 in which the cell is selected from the group of a fungal cell, a 
plant cell, a rodent cell, a primate cell and a human cell. 

24. A kit comprising the oligonucleotide according to any one of claims 1 to 7 and a 
second oligonucleotide selected from the group of (1) an oligonucleotide that is fully complementary to the 
target and lacks the mismatch, (2) a fully modified phosphorothioiated oligonucleotide, (3) a fully modified 
2-O-methylated oligonucleotide and (4) a chimeric double stranded double hairpin containing RNA and 
DNA nucleotides. 
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Wild type: GAC AGC AT0GCCAGT 
Mutant: GACAGCAT- GCCAGT 
Converted: GAC AGC AT |T]GCCAGT 



Sequence analysis of Tet r plasmid A208 



Control 



3S/25A 




Figure 3 
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DNA sequence analysis of Kan r plasmids 



Target codon distribution 
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HvaE3T/25: S'-Agg GCG TGG ATA CGT CCT GCG GGT A- 3' 



HvaE3T/74: 5'-CTC GTG CTT TCA GCT TCG ATG TAG GAG GGC 

GTG GAT ACG TCC TGC GGG TAA ATA GCT GCG 
CCG ATG GTT TCT AC- 3' 



HvaE3T/74a: 5'-GTA GAA ACC ATC GGC GCA GCT ATT TAC CCG 
CAG GAC GTA TCC ACG CCC TCC TAC ATC GAA 
GCT GAA AGC ACG AG- 3' 



HvaGG/Rev: 

T T 
/ \ / \ 

T ACATCCTCCCGCACCTATGCAGGACGCCCAT T 
T TGTAGGagggcguggaTAGGTccugcgggua T 
\ / / \ \ / 

T 3' 5' t 



Kan70T: 5' -CAT CAG AGC AGC CAA TTG TCT GTT GTG CCC AGT 
CGT AGC CGA ATA GCC TCT CCA CCC AAG CGG CCG GAG 



A-3' 



Figure 8 
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TTCGGCTA G GACTGG Neo/kan target 
AAGCCGAT C CTGACC mutant 



TTCGGCTA C GACTGG 
AAGCCGAT G CTGACC 



converted 



FUSION GENE FOR LIGAND BINDING 
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